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ABSTRACT

Background

Ursodeoxycholic acid is administered to patients with primary biliary cirrhosis, a chronic progressive inflammatory autoimmune-mediated
liver disease with unknown aetiology. Despite its controversial effects, the U.S. Food and Drug Administration has approved its usage for
primary biliary cirrhosis.

Objectives

To assess the beneficial and harmful effects of ursodeoxycholic acid in patients with primary biliary cirrhosis.

Search methods

We searched for eligible randomised trials in The Cochrane Hepato-Biliary Group Controlled Trials Register, The Cochrane Central Register
of Controlled Trials (CENTRAL) in The Cochrane Library, MEDLINE, EMBASE, Science Citation Index Expanded, LILACS, Clinicaltrials.gov, and
the WHO International Clinical Trials Registry Platform. The literature search was performed until January 2012.

Selection criteria

Randomised clinical trials assessing the beneficial and harmful effects of ursodeoxycholic acid versus placebo or 'no intervention' in
patients with primary biliary cirrhosis.

Data collection and analysis

Two authors independently extracted data. Continuous data were analysed using mean difference (MD) and standardised mean difference
(SMD). Dichotomous data were analysed using risk ratio (RR). Meta-analyses were conducted using both a random-effects model and a
fixed-effect model, with 95% confidence intervals (Cl). Random-effects model meta-regression was used to assess the effects of covariates
across the trials. Trial sequential analysis was used to assess risk of random errors (play of chance). Risks of bias (systematic error) in the
included trials were assessed according to Cochrane methodology bias domains.

Main results

Sixteen randomised clinical trials with 1447 patients with primary biliary cirrhosis were included. One trial had low risk of bias, and
the remaining fifteen had high risk of bias. Fourteen trials compared ursodeoxycholic acid with placebo and two trials compared
ursodeoxycholic acid with 'no intervention'. The percentage of patients with advanced primary biliary cirrhosis at baseline varied from 15%
to 83%, with a median of 51%. The duration of the trials varied from 3 to 92 months, with a median of 24 months. The results showed no
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significant difference in effect between ursodeoxycholic acid and placebo or 'no intervention' on all-cause mortality (45/699 (6.4%) versus
46/692 (6.6%); RR 0.97,95% Cl 0.67 to 1.42, 1> = 0%; 14 trials); on all-cause mortality or liver transplantation (86/713 (12.1%) versus 89/706
(12.6%); RR 0.96, 95% Cl 0.74 to 1.25, I? = 15%; 15 trials); on serious adverse events (94/695 (13.5%) versus 107/687 (15.6%); RR 0.87, 95%
Cl10.68 to 1.12, 12 = 23%); 14 trials); or on non-serious adverse events (27/643 (4.2%) versus 18/634 (2.8%); RR 1.46, 95% C| 0.83 to 2.56, |2
=0%,; 12 trials). The random-effects model meta-regression showed that the risk of bias of the trials, disease severity of patients at entry,
ursodeoxycholic acid dosage, and trial duration were not significantly associated with the intervention effects on all-cause mortality, or on
all-cause mortality or liver transplantation. Ursodeoxycholic acid did not influence the number of patients with pruritus (168/321 (52.3%)
versus 166/309 (53.7%); RR 0.96,95% C10.84 to 1.09, 1= 0%; 6 trials) or with fatigue (170/252 (64.9%) versus 174/244 (71.3%); RR 0.90,95% Cl
0.81t0 1.00, 1> =62%; 4 trials). Two trials reported the number of patients with jaundice and showed a significant effect of ursodeoxycholic
acid versus placebo or no intervention in a fixed-effect meta-analysis (5/99 (5.1%) versus 15/99 (15.2%); RR 0.35, 95% Cl 0.14 to 0.90,
12 = 51%; 2 trials). The result was not supported by the random-effects meta-analysis (RR 0.56, 95% CI 0.06 to 4.95). Portal pressure,
varices, bleeding varices, ascites, and hepatic encephalopathy were not significantly affected by ursodeoxycholic acid. Ursodeoxycholic
acid significantly decreased serum bilirubin concentration (MD -8.69 umol/l, 95% Cl -13.90 to -3.48, I* = 0%; 881 patients; 9 trials) and
activity of serum alkaline phosphatases (MD -257.09 U/L, 95% Cl -306.25 to -207.92, I> = 0%; 754 patients, 9 trials) compared with placebo
or no intervention. These results were supported by trial sequential analysis. Ursodeoxycholic acid also seemed to improve serum levels
of gamma-glutamyltransferase, aminotransferases, total cholesterol, and plasma immunoglobulin M concentration. Ursodeoxycholic acid
seemed to have a beneficial effect on worsening of histological stage (random; 66/281 (23.5%) versus 103/270 (38.2%); RR 0.62, 95% CI
0.44 t0 0.88, 12 = 35%); 7 trials).

Authors' conclusions

This systematic review did not demonstrate any significant benefits of ursodeoxycholic acid on all-cause mortality, all-cause mortality or
liver transplantation, pruritus, or fatigue in patients with primary biliary cirrhosis. Ursodeoxycholic acid seemed to have a beneficial effect
on liver biochemistry measures and on histological progression compared with the control group. All but one of the included trials had
high risk of bias, and there are risks of outcome reporting bias and risks of random errors as well. Randomised trials with low risk of bias
and low risks of random errors examining the effects of ursodeoxycholic acid for primary biliary cirrhosis are needed.

PLAIN LANGUAGE SUMMARY

Ursodeoxycholic acid for primary biliary cirrhosis

Primary biliary cirrhosis is an uncommon and slowly progressive autoimmune disease of the liver that primarily affects middle-aged
women. The cause of the disease is unknown. Over the last 30 years, the prevalence of primary biliary cirrhosis has increased substantially.
Primary biliary cirrhosis is now a frequent cause of liver morbidity, and the patients are significant users of health resources, including
liver transplantation.

Ursodeoxycholic acid is the only drug approved by the U.S. Food and Drug Administration for primary biliary cirrhosis, but the effects
of ursodeoxycholic acid remain controversial. This review contains updated evidence and re-evaluates beneficial and harmful effects of
ursodeoxycholic acid on patients with primary biliary cirrhosis. The review includes 16 randomised clinical trials with a total of only 1447
patients. The primary outcomes were all-cause mortality, all-cause mortality or liver transplantation, adverse events, and quality of life.
Although ursodeoxycholic acid indicated a reduction in liver biochemistry, jaundice, and histological progression, this review did not
demonstrate any benefits of ursodeoxycholic acid on all-cause mortality, all-cause mortality or liver transplantation, or symptoms (pruritus
and fatigue). The use of ursodeoxycholic acid is associated with costs and may cause adverse events. All but one of the trials had high risk
of bias and the trials seem to have selective reporting of outcomes.

Ursodeoxycholic acid for primary biliary cirrhosis (Review) 2
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Ursodeoxycholic acid compared with placebo or no intervention for primary biliary cirrhosis

Ursodeoxycholic acid compared with placebo or no intervention for primary biliary cirrhosis

Patient or population: patients with primary biliary cirrhosis.

Settings: out-patients.

Intervention: ursodeoxycholic acid.
Comparison: placebo or no intervention.

Outcomes Illustrative comparative risks* (95% Cl) Relative effect No of Partici- Quality of the Comments
(95% Cl) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Control UDCA versus placebo or no inter-
vention
All-cause mortality Study population RR 0.97 1391 OO
(0.67t01.42) (14 trials) very lowl
66 per 1000 64 per 1000
(45 to 94)
All-cause mortality or Study population RR 0.96 1419 B0
liver transplantation (0.74 to 1.25) (15 trials) very low1,2
126 per 1000 121 per 1000
(93 to 158)
Serious adverse events Study population RR 0.87 1382 clele)
(0.68t01.12) (14 trials) very low1,2
156 per 1000 136 per 1000
(106 to 174)
Non-serious adverse Study population RR1.46 1277 B0
events (0.83 t0 2.56) (12 trials) very low1.2
28 per 1000 41 per 1000
(24 to 73)
Pruritus Study population RR 0.96 630 PO
(0.84 t0 1.09) (6 trials) lowl;3
537 per 1000 516 per 1000
(451 to 586)
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Serum bilirubin (umol/l) The mean serum bilirubin concen- 881 BDOO
tration in the intervention groups (9 trials) lowl45
was
8.69 lower

(13.9 to 3.48 lower)

Liver biopsy findings Study population RR 0.62 551 OO

. . . (0.44t0 0.88) (7 trials) very low1,2,6
(worsening of histologi- 381 per 1000 237 per 1000
cal stage) (168 to 336)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; RR: Risk ratio.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Plausible bias that raises some doubt about the results. Potential limitations are likely to lower confidence in the estimate of effect.

2 Total sample size is lower than the calculated optimal information size (0IS) and total number of events is less than 300 (a threshold rule-of-thumb value). So, we have little
knowledge about the intervention effect and further information is needed.

3 Total sample size is lower than the calculated optimal information size (OIS) but the total number of events is not less than 300 (a threshold rule-of-thumb value). Anyway, we
have little knowledge about the intervention effect and further information is needed.

4 Serum bilirubin concentration is a surrogate endpoint instead of patient-important outcome.

5 Total sample size is lower than the calculated optimal information size (OIS). On the other hand, according to the results of trial sequential analysis there is a evidence for a
beneficial effect of ursodeoxycholic acid versus placebo or no intervention on serum bilirubin concentration when the cumulative meta-analysis is adjusted for sparse data and
multiple testing on accumulating data. Therefore, there is no risk for random errors.

6 Statistical heterogeneity I2 = 35%.
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BACKGROUND

Description of the condition

Primary biliary cirrhosis is a chronic autoimmune-mediated liver
disease characterised by progressive destruction of intrahepatic
bile ducts, resulting in chronic cholestasis, portal inflammation,
and fibrosis that can lead to cirrhosis and, ultimately, liver failure.
The disease was first comprehensively described around 1950
(MacMahon 1949; Ahrens 1950). The disease primarily affects
middle-aged women with a sex ratio of 10:1. Data about the
incidence and prevalence of primary biliary cirrhosis have generally
been obtained passively and might not indicate the true rates of
the disease in the general population. Reported annual incidence
of primary biliary cirrhosis ranges from 1 to 49 persons per million,
and the prevalence has been estimated between 7 to 402 persons
per million (Prince 2003; Poupon 2010). Primary biliary cirrhosis
is now a frequent cause of liver morbidity, and the patients are
significant users of health resources, including liver transplantation
(Prince 2003).

The aetiology of primary biliary cirrhosis is still unclear, but it
is thought to involve multiple genetic factors and environmental
triggers leading to an intense autoimmune response against
the biliary epithelial cells. Histological staging is based on
Ludwig’s (Ludvig 1978) and Scheuer’s classifications (Scheuer
1967), ranging from portal tract inflammation with predominantly
lymphoplasmacytoid infiltrates and septal and interlobular
bile-duct loss (stage 1) to frank cirrhosis (stage IV). The
most common symptoms and findings are fatigue, pruritus,
hyperlipidaemia, hypothyroidism, osteoporosis, and coexisting
autoimmune diseases (Kaplan 2005). Diagnosis is made upon the
elevated biochemical markers of cholestasis (particularly alkaline
phosphatases) for more than six months in the presence of
detectable serum antimitochondrial antibodies, and on exclusion
of other possible aetiologies of liver damage (Heathcote 2000;
EASL 2009). Characteristic liver histological changes confirm the
diagnosis and are used for staging and assessing disease activity
before therapeutic intervention. However, according to the latest
clinical guidelines (EASL 2009), a liver biopsy shall not necessarily
be used for diagnosis of primary biliary cirrhosis.

The clinical features and natural history of primary biliary
cirrhosis vary greatly between patients. It may manifest as
asymptomatic, slowly progressive, symptomatic, or rapidly
evolving. Asymptomatic patients have about equivalent short-term
survival compared to an age-matched and sex-matched healthy
population (Lee 2005). Most asymptomatic people with primary
biliary cirrhosis will develop symptoms within five years after the
diagnosis has been made. The progress to cirrhosis and end stage
liver disease may necessitate liver transplantation as the only
treatment option (Prince 2004). On the other hand, the overall
median survival for symptomatic patients is between 10 and 15
years. Serum bilirubin level is an independent predictor of survival
and is used for prognosis in patients with primary biliary cirrhosis
(Shapiro 1979).

Description of the intervention

Ursodeoxycholic acid is a secondary bile acid, which is a metabolic
byproduct of intestinal bacteria. After oral ingestion and intestinal
absorption, ursodeoxycholic acid enters the portal circulation and
is taken up by the hepatocytes where ursodeoxycholic acid is

conjugated to glycine or taurine and is subsequently transported
into the bile ducts (Kullak-Ublick 2000). Ursodeoxycholic acid
undergoes extensive enterohepatic recycling along with the other
bile acids (Hofmann1994). Because of its high first-pass metabolism
(7T0%), the blood level of ursodeoxycholic acid in the systemic
circulation is low (Saksena 1997). In the colon, the unabsorbed
ursodeoxycholic acid is transformed to lithocholic acid by colonic
microbial flora and is excreted via the faeces (Kullak-Ublick 2000).
The half life of ursodeoxycholic acid is about 100 hours (Setchell
1996).

Ursodeoxycholic acid is theoretically a safe and well tolerated drug
but can induce modest weight gain (2 to 3 kg) during the first year
of treatment (Siegel 2003).

Ursodeoxycholic acid acts through several pathways, such as
alteration of the bile-acid pool, choleresis (the flow of bile
from the liver), immune-modulation effects, and cytoprotective
mechanisms. One of the main mechanisms of ursodeoxycholic acid
is displacement of endogenous hepatotoxic bile by expansion of
the hydrophilic bile acid pool which may correlate with competitive
displacement of endogenous bile acids, either at the level of ileal
absorption or at the hepatocyte (Stiehl 1999).

Ursodeoxycholic acid is the only drug approved for primary biliary
cirrhosis by the U.S. Food and Drug Administration. Doses of
13 to 15 mg/kg/day seem to cause significant improvements
in liver tests and immunoglobulin levels and reduce titers of
antimitochondrial antibodies (Heathcote 1994; Pares 2000). The
dose of ursodeoxycholic acid appears to be important. A study
comparing three different doses showed that a dose of 13 to 15 mg/
kg of body weight per day appeared to be optimal, as compared
with a dose of either 5 to 7 mg or 23 to 25 mg (Angulo 1999a).

How the intervention might work

Bile duct destruction leads to the retention of hydrophobic bile
acids within the liver cell. This most likely contributes to the
gradual deterioration of liver function and liver histology observed
in patients with primary biliary cirrhosis. Ursodeoxycholic acid
increases the transportation of intracellular bile acids across the
liver cell and into the canaliculus in patients with primary biliary
cirrhosis (Jazrawi 1994). Mechanisms of action of ursodeoxycholic
acid in primary biliary cirrhosis remain unclear, yet the hydrophilic
nature of this agent could lead to a reduction in amounts of primary
bile acids, and the substance might also regulate cellular signalling
and protect against apoptosis (Crosignani 1991; Paumgartner
2002).

Ursodeoxycholic acid treatment in patients with primary
biliary cirrhosis might reduce the serum level of IgM class
antimitochondrial antibodies and 1gG antibodies to pyruvate
dehydrogenase. Ursodeoxycholic acid might also reduce the T-cell-
mediated hepatocellular damage by decreasing hepatocellular and
biliary expression of major histocompatibility complex (MHC) class
I and MHC class Il molecules (Lazaridis 2001).

Why it is important to do this review

The effect of ursodeoxycholic acid on mortality and histological
progression remains still controversial (Goulis 1999; Gluud 2001b;
Gong 2008; EASL 2009; AASLD 2010). Our previously updated
Cochrane systematic review did not provide sufficient information
on benefits and harms of ursodeoxycholic acid in patients with
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primary biliary cirrhosis to recommend or reject the drug for this
indication (Gong 2008). The present update aimed at gathering all
additional information published after 2007, and through updated
methodology and checking results with trial sequential analysis
aimed at conducting reassessment of the evidence.

OBJECTIVES

To assess the beneficial and harmful effects of ursodeoxycholic acid
in patients with primary biliary cirrhosis.

METHODS

Criteria for considering studies for this review
Types of studies

We considered for inclusion randomised clinical trials assessing
ursodeoxycholic acid in patients with primary biliary cirrhosis,
irrespective of blinding, language, publication year, or publication
status. For cross-over trials, we only used data from the first
intervention period. For assessment of harms, we also considered
quasi-randomised studies and observational studies, but we did
not perform specific electronic searches for these studies.

Types of participants

Patients with primary biliary cirrhosis, i.e., patients having at
least two of the following: elevated serum activity of alkaline
phosphatases, a positive antimitochondrial antibody, and liver
biopsy compatible with primary biliary cirrhosis (EASL 2009; AASLD
2010).

Types of interventions

Ursodeoxycholic acid administered perorally at any dose versus
placebo or 'no intervention' Any concomitant intervention was
allowed if it was delivered equally to all treatment groups in the
trial.

Types of outcome measures
Primary outcomes

1. All-cause mortality.

2. All-cause mortality or liver transplantation.

3. Adverse events. Serious adverse events were defined as any
untoward medical occurrence that was life threatening, resulted
in death, or was persistent or led to significant disability; or any
medical event, which had jeopardised the patient or required
intervention to prevent it (ICH-GCP 1997). All other adverse
events (that is, any medical occurrence not necessarily having a
causal relationship with the treatment) were considered as non-
serious.

4. Quality of life.

Secondary outcomes

1. Liver transplantation.
. Pruritus: number of patients with pruritus or pruritus score.
. Fatigue: number of patients with fatigue.

. Liver-related morbidity (number of patients who developed
jaundice, portal hypertension, oesophageal varices, gastric
varices, upper gastrointestinal haemorrhage, ascites, hepatic
encephalopathy, hepato-renal syndrome).

A N

5. Biochemical markers: serum bilirubin, serum alkaline
phosphatases, serum gamma-glutamyltransferase, serum
aspartate aminotransferase, serum alanine aminotransferase,
serum albumin, total cholesterol, plasma immunoglobulins,
prothrombin index.

6. Liver biopsy findings: worsening of liver histological stage or
score.

7. Cost-effectiveness: the estimated costs connected with the
interventions were weighed against any possible health gains.

Search methods for identification of studies
Electronic searches

Relevant randomised clinical trials were identified by electronic
searching of The Cochrane Hepato-Biliary Group Controlled Trials
Register (Gluud 2011), The Cochrane Central Register of Controlled
Trials (CENTRAL) in The Cochrane Library, MEDLINE, EMBASE,
Science Citation Index Expanded, and LILACS until January 2012
(Royle 2003). The search strategies and the time spans of the
searches are presented in Appendix 1.

Searching other resources

The reference lists of relevant articles were scanned for additional
trials. In order to obtain unpublished trials, the principal
authors of the identified clinical trials and pharmaceutical
companies involved in the production of ursodeoxycholic acid
were inquired about additional trials they might know of. We
searched Clinicaltrials.gov (http://clinicaltrials.gov/) and the WHO
International Clinical Trials Registry Platform (http://www.who.int/
ictrp/en/) for ongoing trials.

Data collection and analysis
Selection of studies

We listed the identified studies, and two of the authors (JR and
GP) independently assessed their fulfilment of the inclusion and
exclusion criteria. Disagreements were resolved by discussion and
arbitrated by CG.

Data extraction and management

JR and GP extracted data independently using data extraction
forms that were developed for the purpose. If relevant
information was not available in the published trial, in order
to obtain missing data and assess the trials correctly, we
contacted authors of the trial publications. We added information
obtained through correspondence with these authors to the data
extraction form. We provided the date when the information was
requested and received in the 'Notes' section of the respective
trial ('Characteristics of included studies'). Disagreements were
resolved by discussion among the review authors.

From each trial we extracted the following information: first author;
country of origin; trial design (parallel or cross-over); inclusion and
exclusion criteria; number of patients randomised; characteristics
of patients: age range (mean or median) and sex ratio; dose of
ursodeoxycholic acid, duration, frequency of administration; type
of intervention in the control group; type and dose of additional
interventions, and outcomes.

Ursodeoxycholic acid for primary biliary cirrhosis (Review)
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Assessment of risk of bias in included studies

The confidence that the design and the report of the randomised
clinical trial would restrict bias in the comparison of the
intervention defines methodological quality, and hence risk of
bias, which we assessed using the following domains (Schulz 1995;
Moher 1998; Kjaergard 2001; Gluud 2006; Higgins 2008; Wood 2008;
Savovic 2012).

Allocation sequence generation

- Low risk of bias: sequence generation was achieved using
computer random number generation or a random number table.
Drawing lots, tossing a coin, shuffling cards, and throwing dice are
adequate if performed by an independent adjudicator.

- Uncertain risk of bias: the trial is described as randomised, but the
method of sequence generation was not specified.

- High risk of bias: the sequence generation method is not, or
may not be, random. Quasi-randomised studies, those using dates,
names, or admittance numbers in order to allocate patients are
inadequate for assessment of benefits and were excluded for the
assessment of benefits but not for harms.

Allocation concealment

- Low risk of bias: allocation was controlled by a central and
independent randomisation unit, sequentially numbered, opaque
and sealed envelopes or similar, so that intervention allocations
could not have been foreseen in advance of, or during, enrolment.
- Uncertain risk of bias: the trial was described as randomised but
the method used to conceal the allocation was not described, so
that intervention allocations may have been foreseen in advance
of, or during, enrolment.

- High risk of bias: if the allocation sequence was known to the
investigators who assigned patients or if the study was quasi-
randomised. Quasi-randomised studies were excluded for the
assessment of benefits but not for harms.

Blinding

- Low risk of bias: the trial was described as blinded, the parties that
were blinded, and the method of blinding was described, so that
knowledge of allocation was adequately prevented during the trial.
- Uncertain risk of bias: the trial was described as blind, but
the method of blinding was not described, so that knowledge of
allocation was possible during the trial.

- High risk of bias, the trial was not blinded, so that the allocation
was known during the trial.

Incomplete outcome data

- Low risk of bias: the numbers and reasons for dropouts and
withdrawals in all intervention groups were described or if it was
specified that there were no dropouts or withdrawals.

- Uncertain risk of bias: the report gave the impression that there
had been no dropouts or withdrawals, but this was not specifically
stated.

- High risk of bias: the number or reasons for dropouts and
withdrawals were not described.

Selective outcome reporting

- Low risk of bias: pre-defined, or clinically relevant and reasonably
expected outcomes are reported on.

- Uncertainrisk of bias: not all pre-defined, or clinically relevant and
reasonably expected outcomes are reported on or are not reported
fully, oritis unclear whether data on these outcomes were recorded
or not.

- High risk of bias: one or more clinically relevant and reasonably
expected outcomes were not reported on; data on these outcomes
were likely to have been recorded.

Other bias

- Low risk of bias: the trial appears to be free of other information
that could put it at risk of bias.

- Uncertain risk of bias: the trial may or may not be free of other
information that could put it at risk of bias.

- High risk of bias: there are other factors in the trial that could put
it at risk of bias, eg, for-profit involvement, authors have conducted
trials on the same topic etc.

Trials assessed as having 'low risk of bias' in all of the specified
individual domains were considered trials with low risk of bias.
Trials assessed as having 'uncertain risk of bias' or 'high risk of
bias' in one or more of the specified individual domains were
considered trials with high risk of bias (Higgins 2008; Gluud 2011).

Measures of treatment effect

Dichotomous data were expressed as relative risk (RR) with 95%
confidence intervals (Cl). When continuous scales of measurement
were used to assess the treatment effects, we used the mean
difference (MD) (Thompson 2002). Mean differences based on
changes from baseline can usually be assumed to be addressing
exactly the same underlying intervention effects as analyses
based on final measurements (Higgins 2011). Therefore, we
combined data reported as change from baseline values with
final measurement values in meta-analysis when using the mean
difference method in RevMan (RevMan 2011). We did not use
standardised mean differences (SMD) when we combined change
scores and final measurements. For trials addressing the same
outcome but using different scales of measuring, SMD were used.

Dealing with missing data

For the previous up-date of this review, review authors sought
missing data by contacting trial authors. This is why we have not
tried to do this again.

We performed analyses according to the intention-to-treat method
for dichotomous outcomes, except for worsening of liver histology,
including all patients irrespective of compliance or follow-up.
However, for continuous outcomes we performed available patient
analysis and included data only on those whose results were
known.

Regarding the primary outcome measures, we included patients
withincomplete or missing data in sensitivity analyses, by imputing
the missing data following the scenarios below (Hollis 1999; Gluud
2011).

- Available patient analysis which simply excludes all patients with
the missing outcome from the analysis.

- Extreme-case analysis favouring the experimental intervention
('best-worse' case scenario): none of the dropouts/patients lost
from the experimental arm but all of the dropouts/patients lost
from the control group experienced the outcome, including all
randomised patients in the denominator.

- Extreme-case analysis favouring the control (‘worst-best' case
scenario): all dropouts/patients lost from the experimental arm but
none from the control arm experienced the outcome, including all
randomised patients in the denominator.
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Assessment of heterogeneity

We explored the presence of statistical heterogeneity by the chi-
squared test with significance less than or equal to P = 0.10.
We measured the quantity of heterogeneity by I12. Values of I
between 0% to 40% were graded as: heterogeneity might not
be important; |? statistic between 30% to 60% was graded as
representing moderate heterogeneity; 1> between 50% to 90% was
graded as substantial heterogeneity; and 1? between 75% to 100%
was graded as considerable heterogeneity (Higgins 2008).

Between-trial heterogeneity was explored by meta-regression,
depending on the available data. We performed a meta-regression
analysis with STATA 8.2 (STATA Corp, College Station, Tex). We
used the STATA meta reg command for the random-effects meta-
regression to assess which covariates influenced the intervention
effect across trials. The covariates were: risk of bias of the
trials, disease severity of patients at entry, ursodeoxycholic acid
dosage, and trial duration (treatment and follow-up). Univariate
and multivariate analyses including all covariates were performed.
The results are presented with regression coefficients and 95% ClI.

Assessment of reporting biases

Funnel plots were drawn to provide visual assessment as to
whether treatment effects were associated with trial size (Higgins
2008). We explored publication bias and other bias according to
Begg's and Egger's methods (Begg 1994; Egger 1997) with STATA®.

Data synthesis

We performed this review according to the recommendations of
The Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011) and the Cochrane Hepato-Biliary Group Module
(Gluud 2011). For the statistical analyses, we used Review Manager
5.1(RevMan 2011). We meta-analysed the data with both arandom-
effects model (DerSimonian 1986) and a fixed-effect model (DeMets
1987) to ensure robustness of the results. In case of differences of
the results that the two models produced, we presented the result
from both methods and discussed discrepancies. We presented the
results with the fixed-effect model if the results of the two models
did not differ (Higgins 2002).

We summarised the evidence in the summary of findings
table using GRADEpro (http://ims.cochrane.org/revman/other-
resources/gradepro).

Complimentary analyses

Trial sequential analysis

In order to assess the risks of random errors due to sparse data
and multiplicity, we performed trial sequential analysis (Brok
2008; Wetterslev 2008; Thorlund 2009). We calculated the required
information size (i.e., the number of patients needed in a meta-
analysis to detect or reject a certain intervention effect) (Wetterslev
2008). The required information size calculation should also
account for the diversity present in the meta-analysis (Wetterslev
2009). In our meta-analysis, the required information size was
based on the proportion of patients with the outcome in the control
group, assumption of a plausible RR reduction of 20%, a type | error
of 5%, and a type Il error of 20% (power 80%) (Wetterslev 2008).
We adjusted the required information size for diversity unless
otherwise stated (Wetterslev 2009).

The underlying assumption of trial sequential analysis is that
testing for significance may be performed each time a new trial is
added to the meta-analysis. We added the trials according to the
year of publication, and if more than one trial was published in a
year, trials were added alphabetically according to the last name of
the first author (Wetterslev 2008).

On the basis of the required information size, trial sequential
alpha-spending and beta-spending monitoring boundaries were
constructed (Wetterslev 2008). These boundaries determine the
statistical inference one may draw regarding the cumulative meta-
analysis that has not reached the required information size. If the
cumulative Z-curve crosses the trial sequential alpha-spending or
beta-spending monitoring boundary, a sufficient level of evidence
may have been reached and no further trials are needed. If the Z-
curve does not cross the trial sequential alpha-spending or beta-
spending monitoring boundary, then there is insufficient evidence
to reach a conclusion.

We applied trial sequential analysis with the Trial Sequential
Analysis (TSA) program (TSA manual 2011; TSA program 2011)
since it allows us to assess the risk of type | error due to
sparse data and multiple updating in a cumulative meta-analysis,
and it provides us with important information in order to
estimate the level of evidence of the experimental intervention.
Additionally, trial sequential analysis provides us with important
information regarding the need for additional trials and the
required information size of such trials.

Subgroup analysis and investigation of heterogeneity

The following subgroup analyses were planned:

-To assess if the effects of ursodeoxycholic acid differ between trials
with low risk of bias compared to trials with high risk of bias.

- To assess if the effects of ursodeoxycholic acid differ between
different durations of administration of ursodeoxycholic acid.

- To assess if the effects of ursodeoxycholic acid differ between
different doses of ursodeoxycholic acid.

Sensitivity analysis

We conducted sensitivity analyses to investigate the robustness of
our main analyses. These sensitivity analyses were only performed
on the primary outcomes, i.e., all-cause mortality and all-cause
mortality or liver transplantation. The missing data could be due to
patient dropouts or lost to follow-up.

We conducted sensitivity analyses to exclude a large intervention
effect of a 40%, 30%, and 20% relative risk reduction (RRR) of
mortality using Trial Sequential Analysis (TSA) (Wetterslev 2008;
TSA manual 2011; TSA program 2011).

In the original protocol for this systematic review (Gluud
1999a), we only intended to extract data from the time
when patients were on ursodeoxycholic acid versus placebo/no
intervention in order to secure data from the most unbiased
comparisons. We also extracted data on mortality and/or liver
transplantation at the maximal follow-up of each trial, including
data from patients switched from blinded ursodeoxycholic
acid onto open label ursodeoxycholic acid (ursodeoxycholic
acid-»ursodeoxycholic acid) versus patients switched from placebo
onto open label ursodeoxycholic acid (placebo»ursodeoxycholic
acid). The interpretation of these latter data, however, should be
performed with caution (see Discussion).
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RESULTS Results of the search

Our search strategy identified 1365 publications, out of which
637 were duplicates. Of the remaining 728 publications, 623 were
See: Characteristics of included studies; Characteristics of excluded  excluded because they were reviews, because they did not relate
studies to primary biliary cirrhosis, or because they did not describe a
randomised clinical trial investigating the effect of ursodeoxycholic
acid in patients with primary biliary cirrhosis. The remaining 105
publications referred to 16 randomised clinical trials (Figure 1).

Description of studies
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Figure 1. (Continued)
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Fourteen of the included trials consisted of more than one
publication. Two out of the 16 randomised clinical trials were
published as abstracts only (De la Mora 1994; Goddard 1994), and
the De la Mora 1994 trial provided no extractable data on the trial's
characteristics and outcomes.

Most of the primary authors and manufacturers of the
ursodeoxycholic acid were contacted for further information and
data relating to the trials while conducting the previous up-date of
this review. Dr. Albert Pares kindly provided data on the method of
sequence generation.

Through a search for ongoing trials in Clinicaltrials.gov (http://
clinicaltrials.gov/) and WHO International Clinical Trials Registry
Platform (http://www.who.int/ictrp/en/) we have notidentified any
registered ongoing or planned trials.

Included studies

A total of 1476 patients with primary biliary cirrhosis were
randomised in the 16 randomised clinical trials. Ursodeoxycholic
acid dose varied from 7.7 to 15.0 mg/kg/day with a median of 10
mg/kg/day. The duration of the trials varied from 3 to 92 months
with a median of 24 months. The percentage of symptomatic
patients and patients with advanced primary biliary cirrhosis at
baseline varied from 15% to 83% with a median of 51%. The details
are displayed in Table 1. From the publications which reported
sex of the patients, more than 89.5% were females. Three trials
were conducted in United States (Senior 1991; Lindor 1994; Combes
1995) and two trials were conducted in United Kingdom (Goddard
1994; Turner 1994). Other trials were conducted each in different
countries: Italy, Mexico, Sweden, Canada, China, Germany, Japan,
Greece, Spain, France, and Finland (see Characteristics of included
studies). Fiftheen trials had the parallel group design and one trial
had the cross-over group design (Hwang 1993).

Following the stipulated follow-up in the ursodeoxycholic acid-
group and the placebo-group, six trials (Poupon 1991; Battezzati
1993; Heathcote 1994; Lindor 1994; Combes 1995; Eriksson
1997) continued ursodeoxycholic acid treated patients on open
label ursodeoxycholic acid (ursodeoxycholic acid>ursodeoxycholic
acid) and offered open label ursodeoxycholic acid to the
patients originally given placebo (placebo->ursodeoxycholic
acid). The Papatheodoridis 2002 trial continued to administer
ursodeoxycholic acid to all patients randomised to the
ursodeoxycholic acid arm and switched 14/43 'no intervention'
patients to ursodeoxycholic acid after they had been followed for a
mean duration of 3.5 years. It was not possible to separate the data
of the original period (ursodeoxycholic acid versus no intervention)
from the total period (ursodeoxycholic acid»ursodeoxycholic acid
versus no intervention->ursodeoxycholic acid), as only data from
the total period were given.

Excluded studies

The excluded studies are listed under 'Characteristics of excluded
studies' and the reasons for exclusion are given there.

Risk of bias in included studies

Risk of bias was assessed according to six domains: allocation
sequence generation; allocation concealment; blinding; handling
of incomplete outcome data; selective outcome reporting; and
other potential sources of bias. One out of 16 trials was considered
as having low risk of bias (Lindor 1994). Our statistical analyses are,
therefore, based mainly on trials with high risk of bias. For details
of the judgements made for the individual trials, please see Figure
2 and Figure 3.
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included trial.
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Figure 3. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Allocation

The generation of the allocation sequence was adequately
described in six trials (Battezzati 1993; Heathcote 1994; Lindor 1994;
Eriksson 1997; Pares 2000; Papatheodoridis 2002). The remaining
ten trials were described as randomised, but the method for
sequence generation was not described (Leuschner 1989; Oka 1990;
Poupon 1991; Senior 1991; Hwang 1993; De la Mora 1994; Goddard
1994; Turner 1994; Combes 1995; Vuoristo 1995).

The method used to conceal allocation was adequately described
in six trials (Oka 1990; Battezzati 1993; Heathcote 1994; Lindor
1994; Pares 2000; Papatheodoridis 2002). The method for allocation
concealment was judged as unclear in 10 trials (Leuschner 1989;
Oka 1990; Poupon 1991; Heathcote 1994; Lindor 1994; Turner 1994;
Vuoristo 1995; Eriksson 1997; Pares 2000; Papatheodoridis 2002).

Blinding

The method of blinding was adequately described in 11 trials
(Leuschner 1989; Oka 1990; Poupon 1991; Battezzati 1993; Hwang

1993; Heathcote 1994; Lindor 1994; Turner 1994; Combes 1995;
Eriksson 1997; Pares 2000). The method of blinding was unclear or
not used in five trials (Senior 1991; De la Mora 1994; Goddard 1994;
Vuoristo 1995; Papatheodoridis 2002).

Incomplete outcome data

Incomplete data were addressed adequately in the included trials
except for three trials (Senior 1991; De la Mora 1994; Goddard 1994).

Selective reporting

Predefined primary and secondary outcomes were adequately
assessed in all included trials except three (Senior 1991; De la Mora
1994; Goddard 1994). Whenever less than 16 trials reported on an
outcome, there was risk of outcome reporting bias as we had no
access to any of the trial protocols.

Other potential sources of bias

Followingtheinformation provided in the trial publication, one trial
may be free of other causes of bias (Lindor 1994).

Ursodeoxycholic acid for primary biliary cirrhosis (Review)

13

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= . Informed decisions.
- Li b ra ry Better health.

Cochrane Database of Systematic Reviews

Effects of interventions

See: Summary of findings for the main comparison
Ursodeoxycholic acid compared with placebo or no intervention for
primary biliary cirrhosis

Primary outcomes

All-cause mortality

Fourteen trials provided information on all-cause mortality and
could be included in the analyses. The included trials reported
a total of 91 (6.5%) deaths in 1391 patients (Analysis 1.1). In the
ursodeoxycholic acid group, 45 (6.4%) out of 699 patients died
versus 46 (6.6%) out of 692 patients in the control group. Meta-
analyses with both the fixed-effect model and random-effects
model showed that ursodeoxycholic acid had no effect on all-cause
mortality (RR 0.97; 95% CI 0.67 to 1.42, 1> = 0%) (Analysis 1.1).

Inspection of the funnel plot did not indicate bias (Figure 4).

Figure 4. Funnel plot of comparison: 1 Ursodeoxycholic acid versus placebo or no intervention, outcome: 1.1 All-

cause mortality.
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The subgroup analyses stratifying the trials according to risk of bias,
risk of bias including industry involvement, trial duration, and dose
of ursodeoxycholic acid did not reveal any differences in effect on
all-cause mortality (Analysis 1.2; Analysis 1.3; Analysis 1.4; Analysis
1.5). Heterogeneity was absent (1 = 0%, P = 0.56).
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Trial sequential analysis with data from all included trials
showed that only 1382 patients of the diversity-adjusted required
information size of 8539 were accrued (16%) and no firm evidence
for benefit or harm was reached (Figure 5). The cumulative Z-curve
did not cross the red trial sequential alpha-spending monitoring
boundaries for benefit or harm. Therefore, there is no evidence to
support or reject that ursodeoxycholic acid influences mortality.
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Figure 5. Trial sequential analysis of the random-effects meta-analysis of the effect of ursodeoxycholic acid versus
placebo or no intervention on all-cause mortality. The trial sequential analysis is performed with an assumed
control proportion of death of 7.7%, an anticipated relative risk reduction (RRR) of 20%, a type 1 error risk of 5%
(two-sided) (a), and a power of 80% (a type Il error risk of 20%) (b). The diversity-adjusted required information
size (DARIS) to detect or reject a RRR of 20% with a between trial heterogeneity of 0% is estimated to 8539 patients.
The actually accrued number of patients is 1382, which is only 16% of the required information size. The blue
cumulative Z-curve does not cross the red trial sequential alpha-spending monitoring boundaries for benefit or
harm. Therefore, there is no evidence to support or refute that ursodeoxycholic acid influences mortality with a
20% RRR of mortality. The cumulative Z curve does not reach the futility area delineated by the trial sequential
beta-spending monitoring boundaries (which are not even drawn by the program), demonstrating that further
randomised trials are needed.
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Sensitivity analyses to assess intervention effects of 40% or 30%  a relative risk reduction of 30% (Figure 7), and below (data not
relative risk reduction of mortality showed that we could exclude  shown). For such smaller intervention effects, the number of trial
a very large intervention effect of 40% relative risk reduction of  patients has to be increased substantially.

deaths (Figure 6). However, we were unable to prove or disprove
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Figure 6. Trial sequential analysis of the random-effects meta-analysis of the effect of ursodeoxycholic acid versus
placebo or no intervention on all-cause mortality. The trial sequential analysis is performed with an assumed
control proportion of death of 7.7%, an anticipated relative risk reduction (RRR) of 40%, a type 1 error risk of 5%
(two-sided) (a), and a power of 80% (type 2 error risk of 20%) (b). The diversity-adjusted required information size
to detect or reject a RRR of 40% with a between trial heterogeneity of 0% is estimated to 1914 patients. The actually
accrued number of patients is 1382, which is 72% of the required information size. The blue cumulative Z-curve
does not cross the red trial sequential alpha-spending monitoring boundaries for benefit or harm. However, the
boundaries for futility (the red inner wedge boundaries showing the trial sequential beta-spending monitoring
boundaries) are crossed. The red conventional boundaries (horizontal line at Z=1.96 and Z = -1.96) for harm or
benefit are not crossed. Therefore, there is no evidence to support ursodeoxycholic acid and we can refute that
ursodeoxycholic acid influences mortality by a 40% RRR of mortality with the chosen error risks.
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Figure 7. Trial sequential analysis of the random-effects meta-analysis of the effect of ursodeoxycholic acid versus
placebo or no intervention on all-cause mortality. The trial sequential analysis is performed with an assumed
control proportion of death of 7.7%, an anticipated relative risk reduction (RRR) of 30%, a type 1 error risk of 5%
(two-sided) (a), and a power of 80% (a type 2 error risk of 20%) (b). The diversity-adjusted required information
size (DARIS) to detect or reject a RRR of 30% with a between trial heterogeneity of 0% is estimated to 3599 patients.
The actually accrued number of patients is 1382, which is only 38% of the required information size. The blue
cumulative Z-curve does not cross the red trial sequential monitoring boundaries for benefit or harm. Therefore,
there is no evidence to support that ursodeoxycholic acid influences mortality. The cumulative Z-curve does not
reach the futility area delineated by the trial sequential beta-spending monitoring boundaries (which are not even
drawn by the program), demonstrating that further randomised trials are needed.
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Available patient analysis did not result in any changes of effect
estimates (RR 0.98; 95% Cl 0.67 to 1.43; I> = 0%; 1247 patients,
14 trials) (Analysis 2.1). Analysing the missing data in the best-
case scenario (assuming that patients with unknown vital status
receiving ursodeoxycholic acid were alive and that all patients
from the control group with unknown vital status were dead) or
in the worst-case scenario (assuming that patients with unknown
vital status receiving ursodeoxycholic acid were dead and all
patients with unknown vital status from the control group were
alive) showed statistical significant effects of ursodeoxycholic acid
ranging from a beneficial effect (best-case scenario: RR 0.35; 95%
Cl1 0.26 to 0.48; 1 391 patients, 14 trials) to a harmful effect (worst-
case scenario: RR 2.16,95% Cl 1.57 to 2.97; 1391 patients, 14 trials)
(Analysis 2.1).

Univariate meta-regression analyses revealed that none of
examined covariates (risk of bias of the trials, disease severity of
patients at entry, ursodeoxycholic acid dosage, and trial duration)
were significantly associated with the estimated intervention effect
on mortality. In multivariate meta-regression analysis including all
covariates, none were significantly associated with the estimated
intervention effect on mortality. See Table 2.

Analysis of data from the extended follow-up for ursodeoxycholic
acid-»ursodeoxycholic acid versus placebo->ursodeoxycholic acid
into the analyses demonstrated a RR of 0.97 with 95% Cl 0.73 to
1.30 (Analysis 3.1). It compared 76 (10.9%) deaths in 699 patients
originally randomised to ursodeoxycholic acid with 78 (11.2%)
deaths in 692 patients originally randomised to placebo or no
intervention.
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All-cause mortality or liver transplantation

Fifthteen trials provided information on all-cause mortality or
liver transplantation and could be included in the analyses. The
included trials reported a total of 175 (12.3%) deaths or transplants
in 1419 patients (Analysis 1.6). In the ursodeoxycholic acid group,

86 (12.0%) out of 713 patients died or were transplanted versus 89
(12.6%) out of 706 patients in the control group. Meta-analyses with
both the fixed-effect model and random-effects model showed no
significant difference in effect between the compared interventions
(RR 0.96; 95% C1 0.74 to 1.25, 12 = 15%) (Analysis 1.6).

Inspection of the funnel plot did not indicate bias (Figure 8).

Figure 8. Funnel plot of comparison: 1 UDCA versus placebo or no intervention, outcome: 1.7 All-cause mortality or

liver transplantation stratified after risk of bias.
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The subgroup analyses stratifying the trials according to risk of
bias, risk of bias including industry involvement, trial duration,
and dose of ursodeoxycholic acid did not reveal any differences
in effect estimates in the risk of all-cause mortality or liver
transplantation (Analysis 1.7; Analysis 1.8; Analysis 1.9; Analysis
1.10). Heterogeneity might not be important (1> = 15%, P = 0.31).

Trial sequential analysis with data from all included trials showed
that only 1 410 patients of the required diversity-adjusted

information size of 4 043 were accrued (35%) and no firm
evidence for benefit or harm was therefore reached (Figure 9). The
cumulative Z-curve did not cross the red trial sequential alpha-
spending monitoring boundaries for benefit or harm. Therefore,
there is no evidence to support or refute that ursodeoxycholic
acid influences mortality or transplantation. Sensitivity analyses
showed that an intervention effect corresponding to a 30% relative
risk reduction of all-cause mortality or liver transplantation can be
excluded (Figure 10).
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Figure 9. Trial sequential analysis of the random-effects meta-analysis of the effect of ursodeoxycholic acid versus
placebo or no intervention on all-cause mortality or liver transplantation. The trial sequential analysis is performed
with an assumed control proportion of death of 15.1%, an anticipated relative risk reduction (RRR) of 20%, a

type 1 error risk of 5% (two-sided), and a power of 80% (a type 2 error risk of 20%) (b). The diversity-adjusted
required information size (DARIS) to detect or reject a RRR of 20% with a between trial heterogeneity of 37% is
estimated to 4043 patients. The actually accrued number of patients is 1410, which is only 35% of the required
information size. The blue cumulative Z-curve does not cross the red trial sequential monitoring boundaries for
benefit or harm. Therefore, there is no evidence to support or refute that ursodeoxycholic acid influences mortality
or transplantation. The cumulative Z curve does not reach the futility area delineated by the trial sequential
beta-spending monitoring boundaries (which are not even drawn by the program), demonstrating that further
randomised trials are needed.
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Figure 10. Trial sequential analysis of the random-effects meta-analysis of the effect of ursodeoxycholic acid versus
placebo or no intervention on all-cause mortality or liver transplantation. The trial sequential analysis is performed
with an assumed control proportion of death of 15.1%, an anticipated relative risk reduction (RRR) of 30%, a type

1 error risk of 5% (two-sided), and a power of 80% (a type 2 error risk of 20%) (b). The diversity-adjusted required
information size (DARIS) to detect or reject a RRR of 30% with a between trial heterogeneity of 37% is estimated

to 1712 patients. The actually accrued number of patients is 1410, which is 82% of the required information size.
The blue cumulative Z-curve does not cross the red trial sequential alpha-spending monitoring boundaries for
benefit or harm. However, the boundaries for futility delineated by the trial sequential beta-spending monitoring
boundaries (the red inner wedge boundaries) are crossed. Accordingly, the red conventional boundaries (horizontal
line at z=1.96 and z =-1.96) for harm or benefit are not crossed. Therefore, there is no evidence to support that
ursodeoxycholic acid influences mortality or transplantation. Moreover, a 30% RRR of mortality or transplantation

can be rejected with the chosen error risks.
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Available patient analysis did not result in any significant changes
of effect estimates (RR 0.93; 95% Cl| 0.64 to 1.34; 1> = 23%; 1
275 patients, 15 trials) (Analysis 2.2). The best-case scenario and
worst-case scenario analyses on missing data showed statistical
significant effects of ursodeoxycholic acid ranging from a beneficial
effects (best-case scenario: RR 0.49; 95% Cl 0.30 to 0.80; 1419
patients, 15 trials) to a harmful effects (worst-case scenario: RR
1.60; 95% Cl 1.21 to 2.10; 1419 patients, 15 trials) (Analysis
2.2). These data show that we have too little knowledge about
the true effect of ursodeoxycholic acid on all-cause mortality or
liver transplantation, also due to poor outcome reporting of the
included trials on mortality and liver transplantation.

Univariate meta-regression analyses revealed that none of the
examined covariates (risk of bias, disease severity of patients
at entry; ursodeoxycholic acid dosage, and trial duration) were
significantly associated with the estimated intervention effect on
mortality or liver transplantation. In multivariate meta-regression
analysisincluding all covariates, none were significantly associated
with the estimated intervention effect on mortality or liver
transplantation (Table 3).

Including data from the extended follow-up for
ursodeoxycholic acid->ursodeoxycholic acid versus placebo/no
intervention->ursodeoxycholic acid demonstrated a RR of 0.88 with
95% Cl from 0.73 to 1.06 (Analysis 3.2). The meta-analysis showed
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147 (20.6%) deaths or liver transplantations out of 713 patients
originally randomised to ursodeoxycholic acid, and 165 (23.3%)
deaths or liver transplantations out of 706 patients originally
randomised to placebo or 'no intervention'.

Adverse events

We divided the reporting of adverse events into the following types:
serious adverse events and non-serious adverse events (ICH-GCP
1997).

There was no significant difference in the risk ratio for
overall proportion of serious adverse events when comparing
ursodeoxycholic acid with placebo or no intervention (RR 0.87;
95% Cl 0.68 to 1.12; I* = 23%; 1382 patients, 14 trials) (Analysis
1.11). In the ursodeoxycholic group 94 serious adverse events were
reported versus 107 serious adverse events in the control group of
the included trials.

There was also no significant difference in the risk ratio for
overall incidence of non-serious adverse events when comparing
ursodeoxycholic acid with placebo or 'no intervention' (RR 1.46;
95% C1 0.83 t0 2.56; 1 = 0%; 1 277 patients, 12 trials) (Analysis 1.12).
In the ursodeoxycholic group 27 non-serious adverse events were
reported versus 18 non-serious adverse events in the control group
of the included trials.

For assessment of harm, besides the data provided by randomised
clinical trials which are included in our analyses (Analysis 1.11;
Analysis 1.12) we also included data from eleven non-randomised
studies which reported on harm (Podda 1989; Lotterer 1990;
Kneppelhout 1992; Peridigoto 1992; Shibata 1992; lkeda 1996;
Poupon 1996; Schonfeld 1997; Van Hoogstraten 1998; Angulo 1999
a; Verma 1999). For details regarding description of these non-
randomised studies see Characteristics of excluded studies. In
Lotterer 1990, there were 7 patients out of 12 who experienced
adverse events. One patient died, two patients had acute upper
gastrointestinal bleeding, one patient developed ascites, one
patient had transient diarrhoea, and one patient had transient
exacerbation of pruritus (Table 4). In Ikeda 1996, in the colchicine-
ursodeoxycholic acid group, there were 2 patients out of 10
who experienced diarrhoea versus 0 patients out of 12 in the
ursodeoxycholic acid group. In Poupon 1996, in the colchicine-
ursodeoxycholic acid group, there were 4 patients out of 37
who experienced an adverse event such as death (2 patients),
variceal bleeding (1 patient) and peripheral polyneuropathy (1
patient) versus 2 patients out of 37 in the ursodeoxycholic
acid-placebo group (Table 5). The two former studies may say
more about adverse events associated with colchicine than
with ursodeoxycholic acid. In Angulo 1999 a, 155 patients with
primary biliary cirrhosis were treated with three different doses
of ursodeoxycholic acid, there were 21 patients out of 155 who
experienced adverse events such as hypertension (2 patients),
creatinine elevation (2 patients), thrombocytopenia (3 patients),
leukopenia (1 patient), nausea and vomiting (6 patients), diarrhoea
(3 patients), fever (1 patient), and rash (3 patients) (Table 6). In
Van Hoogstraten 1998, 61 patients with primary biliary cirrhosis
were treated with two different doses of ursodeoxycholic acid,
there were 2 patients out of 61 who experienced adverse events
such as liver failure (1 patient) and diarrhoea (1 patient) (Table

7). In Peridigoto 1992, there were 3 patients who experienced
adverse events such as variceal bleeding and ascites and more
than one event occurred in some patient (Table 8). In Podda
1989, there were 2 patients out of 30 who experienced pruritus. In
Kneppelhout 1992, there were 9 patients out of 17 who experienced
adverse events such as liver transplantation, ascites, nausea,
increased pruritus, increase in pre-existent hyperbilirubinaemia,
fever, weakness, and more than one event occurred in some
patient (Table 9). In Schonfeld 1997, there was one patient out of
15 who experienced severe and progressive fatigue, weight loss,
ascites, an increase in serum bilirubin concentration and was liver
transplanted. In Shibata 1992, there were 3 patients out of 12
who experienced adverse events such as death, bleeding varices,
hepatocellular carcinoma, diarrhoea, gallstones, and more than
one event occurred in some patient (Table 10). In Verma 1999, there
was one patient out of 24 who experienced severe migraine.

Quality of life

None of the trials used specific quality-of-life scales. Two trials
(Turner 1994; Eriksson 1997) evaluated symptoms using visual
analogue scales. None of these showed any significant difference
between the ursodeoxycholic acid group and placebo group.
However, significantly (P < 0.01) more patients felt better or
much better following ursodeoxycholic acid intervention than after
placebo in the Eriksson 1997 trial.

Secondary outcomes
Liver transplantation

Fourteen trials provided information on liver transplantation
and could be included in the analyses. The included trials
reported 78 (5.6%) transplants in 1391 patients (Analysis 1.13).
In the ursodeoxycholic acid group, 37 (5.3%) out of 699 patients
were transplanted versus 41 (5.9%) out of 692 patients in the
control group. Meta-analyses with both the fixed-effect model and
random-effects model showed no significant difference in effect of
ursodeoxycholic acid on liver transplantation (RR 0.89; 95% CI 0.59
to 1.36, 1 = 0%) (Analysis 1.13).

Including data from the extended follow-up for
ursodeoxycholic acid>ursodeoxycholic acid versus placebo/'no
intervention'>ursodeoxycholic acid (now comprising 65 (9.3%)
liver transplantations in 699 patients originally randomised to
ursodeoxycholic acid versus 85 (12.3%) liver transplantations in
692 patients originally randomised to placebo/no intervention)
demonstrated an RR of 0.76 with 95% CI from 0.57 to 1.03 (Analysis
3.3).

Pruritus and fatigue

Ursodeoxycholic acid did not significantly influence neither the
number of patients with pruritus (RR 0.96; 95% Cl 0.84 to 1.09; I
= 0%; 630 patients, 6 trials) (Analysis 1.14) nor the pruritus score
(SMD -0.10; 95% CI -0.33 to 0.12; I* = 0%; 314 patients, 3 trials)
(Analysis 1.15). Trial sequential analysis of these data supports the
finding in the meta-analysis Analysis 1.14 (Figure 11). Fatigue was
not significantly improved by ursodeoxycholic acid (RR 0.90; 95% ClI
0.81 to 1.00; I? = 62%; 506 patients, 4 trials) (Analysis 1.16).
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Figure 11. Trial sequential analysis of the random-effects meta-analysis of the effect of ursodeoxycholic acid
versus placebo or no intervention on pruritus. The trial sequential analysis is performed with an assumed
control proportion of pruritus of 54%, an anticipated relative risk reduction (RRR) of 20%, a type 1 error risk
of 5% (two-sided), and a power of 80% (a type 2 error risk of 20%) (b). The heterogeneity-adjusted required
information size (DARIS) to detect or reject a RRR of 20% with a between trial heterogeneity of 0% is estimated to
673 patients. The actually accrued number of patients is 621, which is 92% of the required information size. The blue
cumulative Z-curve does not cross the red trial sequential monitoring boundaries for benefit or harm. However, the
boundaries for futility delineated by the trial sequential beta-spending monitoring boundaries (the red inner wedge
boundaries) are crossed. Therefore, there is no evidence to support that ursodeoxycholic acid influences pruritus
and a 20% RRR of pruritus can be rejected with the chosen error risks.
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Liver-related morbidity

In fixed-effect meta-analysis, two trials in which the number of
patients with jaundice was reported led to a significant effect of
ursodeoxycholic acid versus placebo or no intervention (RR 0.35;
95% Cl 0.14 to 0.90; |12 = 51%; 198 patients, 2 trials). However, in
random-effects meta-analysis, two trials in which the number of
patients with jaundice was reported showed no significant effect of
ursodeoxycholic acid versus placebo or no intervention (RR 0.56;
95% C1 0.06 to 4.95; I> = 51%; 198 patients, 2 trials) (Analysis 1.17).

Neither portal pressure (MD 0.60 mmHg; 95% Cl -2.78 to 3.98; 28
patients, 1trial) (Analysis 1.18), varices (RR 1.16; 95% CI 0.64 to 2.09;

12 = 0%; 341 patients, 3 trials) (Analysis 1.19), bleeding varices (RR
1.05; 95% Cl 0.52 to 2.15; |12 = 0%; 767 patients, 7 trials) (Analysis
1.20), ascites (RR 0.55; 95% Cl 0.24 to 1.26; I* = 0%; 547 patients, 5
trials) (Analysis 1.21) nor hepatic encephalopathy (RR 0.47; 95% ClI
0.04 to 5.09; 212 patients, 2 trials) (Analysis 1.22) were significantly
affected by ursodeoxycholic acid treatment.

Biochemical markers

Ursodeoxycholic acid significantly decreased serum bilirubin
concentration (MD -8.69 umol/l; 95% Cl -13.90 to -3.48; 1 = 0%; 881
patients, 9 trials) (Analysis 1.24). Trial sequential analysis of these
data supports the finding in the meta-analysis (Figure 12).
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Figure 12. Trial sequential analysis of the cumulative meta-analysis of the effect of ursodeoxycholic acid versus
placebo or no intervention on serum bilirubin concentration in patients with primary biliary cirrhosis. The diversity-
adjusted required information size (DARIS) of 1296 patients is calculated based on a minimal relevant intervention
effect (MIREDIF) of 7 pmol/l, a standard deviation of 56 umol/l (variance 3116), a risk of type I error of 5%, a power
of 80% (a type 2 error risk of 20%) (b), and a diversity of 0%. The cumulated Z-curve (blue curve) crosses the trial
sequential monitoring boundary (red curve) implying that there is evidence for a beneficial effect of 7 umol/l
decrease in the serum bilirubin concentration when the cumulative meta-analysis is adjusted for sparse data and
multiple testing on accumulating data.
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Ursodeoxycholic acid significantly decreased the activity of serum = 0%; 754 patients, 9 trials) (Analysis 1.25). Trial sequential analysis

alkaline phosphatases (MD -257.09 U/l; 95% Cl -306.25 t0 -207.92; 1>  of these data supports the finding in the meta-analysis (Figure 13).
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Figure 13. Trial sequential analysis of the cumulative meta-analysis of the effect of ursodeoxycholic acid versus
placebo or no intervention on the activity of serum alkaline phosphatases in patients with primary biliary cirrhosis.
The diversity-adjusted required information size (DARIS) of 920 patients is calculated based on a minimal relevant
intervention effect (MIREDIF) of 90 IU/L, a standard deviation of 487 IU/L (variance 237214), a risk of type | error

of 5%, a power of 80% (a type 2 error risk of 20%) (b), and a diversity of 0%. The cumulated Z-curve (blue curve)
crosses the trial sequential monitoring boundary (red curve) implying that there is evidence for a beneficial effect of
90 IU/L decrease in the activity of serum alkaline phosphatases when the cumulative meta-analysis is adjusted for

sparse data and multiple testing on accumulating data.
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Ursodeoxycholic acid significantly decreased the activity of serum
gamma-glutamyltransferase (MD -277.57 U/l; 95% Cl -337.84 to
-217.30; 1> = 52%; 426 patients, 5 trials) (Analysis 1.26), serum
aspartate aminotransferase (MD -35.59 U/l; 95% CI -42.88 to -28.30;
12 = 0%; 782 patients, 8 trials) (Analysis 1.27), serum alanine
aminotransferase (MD -34.68 U/l; 95% Cl -43.04 to -26.33; 12 = 32%;
712 patients, 8 trials) (Analysis 1.28), total cholesterol (MD -0.78
mmol/l; 95% Cl -1.04 to -0.52; 1> = 19%; 712 patients, 9 trials)
(Analysis 1.30), and plasma immunoglobulin M concentration (MD
-1.33 g/l; 95% Cl -1.81 to -0.86; I*> = 0%; 704 patients, 7 trials)
(Analysis 1.31).

Ursodeoxycholic acid had no significant effect on serum albumin
concentration (MD 0.34 mmol/l; 95% CI -0.45 to 1.13; I? = 0%; 457
patients, 4 trials) (Analysis 1.29) and on prothrombin index (MD 2.05
%;95% C1-0.62 to 4.71; 12 = 0%; 308 patients, 2 trials) (Analysis 1.32).

Liver histology

E 3

Liver biopsies at the end of treatment were performed and reported
in seven (Leuschner 1989; Poupon 1991; Lindor 1994; Turner
1994; Combes 1995; Pares 2000; Papatheodoridis 2002) out of
16 trials. Ursodeoxycholic acid had statistically significant effect
on histological stage (random, RR 0.62; 95% CI 0.44 to 0.88; I* =
35%; 551 patients, 7 trials) (Analysis 1.33). There was no effect
of ursodeoxycholic acid on fibrosis (RR 0.88, 95% CI 0.57 to 1.38;
139 patients, 1 trial) or on florid duct lesions (RR 0.84, 95% CI
0.40 to 1.76; 115 patients, 1 trial). About half of the patients in
the Pares 2000 trial observed statistically significant improvements
in histological stage, portal inflammation, and piecemeal necrosis
in the ursodeoxycholic acid group, but not regarding ductular
proliferation or cholestasis. The placebo group had significantly
fewer bile ducts per portal tract. Our analyses were based on
presented available patient data at the end of treatment.

Publication bias and other biases
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Neither the Egger's nor the Begg's graphs and their corresponding
tests on mortality provided evidence for asymmetry (Egger's test, P
=0.47; Begg's test, P = 0.83).

DISCUSSION

Summary of main results

This review included 16 randomised clinical trials assessing the
effects of ursodeoxycholic acid versus placebo or 'no intervention'
in patients with primary biliary cirrhosis. With the inclusion of
updated data from 2007 to January 2012, the present systematic
review did not demonstrate any benefit or harm of ursodeoxycholic
acid on all-cause mortality or on all-cause mortality or liver
transplantation. The results from this present review are in
agreement with the main findings of Goulis et al meta-analyses
(Goulis 1999) and our previous versions of the present Cochrane
review (Gluud 2001b; Gong 2008). New trial data were added
to liver biochemistry and clinical symptoms since 2008, and
we confirm a reduction in liver biochemistry and jaundice
following ursodeoxycholic acid administration. However, these
results are based mainly on trials with high risk of bias and
there are risks of outcome reporting bias. Due to addition of
data on ascites and histology, the result of the effect for ascites
changed from significant into insignificant, and the result of the
effect for histology changed from insignificant into significant.
Ursodeoxycholic acid seems generally well tolerated in patients
with primary biliary cirrhosis.

Results on all-cause mortality and all-cause mortality or liver
transplantation as well as the following secondary outcomes -
pruritus, serum bilirubin, and serum alkaline phosphatases - were
analysed with trial sequential analysis. According to the results
of the trial sequential analyses, there seems to be firm evidence
for a beneficial effects of ursodeoxycholic acid on decreasing
serum bilirubin concentration and the activity of serum alkaline
phosphatases in patients with primary biliary cirrhosis compared
with placebo or 'no intervention'. However, these beneficial
effects may still be due to systematic errors (bias), as estimated
intervention effects were calculated using data from trials assessed
as having ’high risk of bias’ except one. Additionally, trial sequential
analyses provide us with important information regarding the need
for additional trials and the required information size.

The relationship between ursodeoxycholic acid effect and the
severity of primary biliary cirrhosis was indicated in the classical
meta-regression (Sharp 1998), suggesting that ursodeoxycholic
acid effect on mortality (if any) is more likely to be observed in
patients with more severe primary biliary cirrhosis. However, this
relationship was not supported by our univariate and multivariate
meta-regression analyses, which included 'severity' as a co-variate.
Therefore, whether the intervention effect of ursodeoxycholic acid
(if any) is related to the severity of primary biliary cirrhosis should
be investigated further.

We found statistically significant effect of ursodeoxycholic acid on
histological stage. However, the observed effect could be due to
systematic errors or random errors. There is a theoretical possibility
that ursodeoxycholic acid may still delay progression from early
stage disease to late stage disease and then ultimately prolong
survival. However, the effects of ursodeoxycholic acid should
primarily be assessed via patient relevant outcomes.

We found no difference regarding serious adverse events between
the intervention groups. Ursodeoxycholic acid was generally well
tolerated. We previously observed that ursodeoxycholic acid was
associated with non-serious adverse events, mostly weight gain
(Gong 2008). This finding ensued from new data from the Lindor
1994 trial. However, it is presently unclear whether the weight gain
should be considered a beneficial or a harmful effect, and it needs
to be studied further.

Other non-serious adverse events included mild gastrointestinal
disorders like diarrhoea, nausea, vomiting, etc. However, there
was no significant difference regarding non-serious adverse events
between intervention groups.

It has been claimed that ursodeoxycholic acid is a cost-effective
therapy for primary biliary cirrhosis (Pasha 1999). However, this
claim rests on the extrapolation of results from two selected
randomised clinical trials (Heathcote 1994; Lindor 1994). It is
evident that cost-effectiveness analyses ought to be performed on
the basis of all available high-quality evidence and not just on
selected evidence. Considering the annual cost of ursodeoxycholic
acid of about $2500 (Pasha 1999) and the findings of the present
review, we challenge the conclusion drawn by Pasha et al that
ursodeoxycholic acid is cost-effective for primary biliary cirrhosis.

Quality of the evidence

We conducted this review according to The Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011) and the
Cochrane Hepato-Biliary Group Module (Gluud 2011). The results of
our meta-analyses, however, are only as strong as the primary trials
included.

The main limitationsin the design and implementation was the lack
of clarity of the generation of allocation sequence, concealment
of allocation, blinding, and the small number of patients enrolled
in the trials. Of the sixteen included trials, six trials (37%)
reported adequate allocation sequence generation and allocation
concealment; eleven trials (69%) reported adequate blinding;
thirteen trials (81%) adequately addressed incomplete data, and
reported on clinically relevant and reasonably expected outcomes;
and seven trials (44%) appeared to be free of additional risks of bias.
Fifteen out of the sixteen trials were considered at high risk of bias
and our evidence base is therefore severely limited even when trial
sequential analyses did not show risk of random errors.

Potential biases in the review process

In this systematic review, a comprehensive and extensive literature
search was performed (Appendix 1), but the searches did not
retrieve any additional trials. A potential limitation of our approach
may be that we have not specifically searched for trials in the
grey literature (written material thatis not published commercially)
which may have introduced a slight risk of bias into our meta-
analysis (Egger 2003). This bias, however, is unlikely to influence
our results in a beneficial way as trials found in grey literature rarely
report beneficial effect (Higgins 2011).

Most of the included trials are of a relatively small size, which
increases the risk of providing a more unrealistic estimate of the
intervention effects due to bias (systematic errors) and chance
(random errors). Risk of bias is known to impact the estimated
intervention effect, with trials of a high risk of bias tending
to overestimate the beneficial intervention effects (Schulz 1995;
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Moher 1998; Kjaergard 2001; Wood 2008; Savovic 2012). We divided
the analyses for the primary outcomes into trials with high risk
of bias and trials with low risk of bias to examine any influence
of bias on the effect estimates of our primary outcomes. Of the
sixteen included trials, four trials had low risk of bias regarding five
domains (allocation sequence generation, allocation concealment,
blinding, handling of incomplete outcome data, and selective
outcomereporting),and only one trial had low risk of bias regarding
all six domains (including other potential sources of bias).

There was no statistical signs of publication bias and other bias.
Small trials have less power, meaning that there is less chance
of detecting a small but true effect as statistically significant
(Kjaergard 2001). Therisk of random error is higher when data come
from small information sizes (or 'sample sizes' for individual trials),
so information sizes need to be sufficiently large in order to reduce
therisk of random error and increase the chance of observing a true
intervention effect (Brok 2008; Wetterslev 2008). This review meta-
analysed data (all-cause mortality or liver transplantation) from 15
trials involving a total of 1447 patients. The median length of trial
duration was 24 months. This is not sufficiently long considering
that the estimated median survival of a patient with primary biliary
cirrhosis is 10 to 15 years (Prince 2002). Therefore, it is difficult
to detect a significant difference on mortality based on the trials,
most of which are under-powered. To reduce the risk of random
errors we have conducted trial sequential analysis on the primary
outcomes and some secondary outcomes which showed significant
effect estimates applying both the random-effects and fixed-effect
models.

Heterogeneity among trials might be due to differences in dose
of ursodeoxycholic acid, trial duration, and disease severity of
patients at entry. To reflect our concern about heterogeneity, we
conducted all analyses using both the random-effects model and
fixed-effect model. We presented the results with the fixed-effect
model if the results of the two models did not differ. We also
considered other important and pre-defined trial-level covariates,
including trial risk of bias, severity of primary biliary cirrhosis,
ursodeoxycholic acid dose, and trial duration. The random-effects
model meta-regression showed that none of examined covariates
were significantly associated with the estimated intervention
effect on all-cause mortality or all-cause mortality or liver
transplantation.

Agreements and disagreements with other studies or
reviews

In consistency with previous meta-analyses and reviews (Goulis
1999; Gluud 2001b; Gong 2008), this updated systematic review
did not demonstrate any benefit of ursodeoxycholic acid on all-
cause mortality, and all-cause mortality or liver transplantation
in patients with primary biliary cirrhosis. On the other hand,
ursodeoxycholic acid seemed to improve biochemical outcomes.
This seems to place clinicians and researchers in a dilemma:
if therapeutic decisions are based on clinical outcomes (e.g.,
mortality), there is insufficient evidence to support the use of
ursodeoxycholic acid in primary biliary cirrhosis, but if based on
non-validated 'surrogate' outcomes (e.g., serum bilirubin level or
serum alkaline phosphatases), there is evidence favouring the
ursodeoxycholic acid interventions for the disease (Gluud 2007).
This dilemma was reflected in a survey regarding the use of
ursodeoxycholic acid for primary biliary cirrhosis among Danish
doctors (Kiirstein 2005), who had very different answers to the

question why they prescribed ursodeoxycholic acid for primary
biliary cirrhosis patients. Sixteen per cent of the doctors thought
ursodeoxycholic acid reduced mortality, twenty-seven per cent
thought ursodeoxycholic acid reduced morbidity, and twenty-three
per cent thought it benefited 'surrogate’ outcomes (Kiirstein 2005).
We believe that clinical practice should be based on results from
randomised trials using clinically and patient relevant outcomes.

This systematic review did not demonstrate a benefit of
ursodeoxycholic acid on our predefined primary outcomes: all-
cause mortality and all-cause mortality or liver transplantation,
neither in the period during which patients were treated with
ursodeoxycholic acid or placebo/no intervention nor during the
later period in which all the patients were treated with open
label ursodeoxycholic acid. This observation is in contrast to
some previous attempts to aggregate data from studies assessing
ursodeoxycholic acid interventions for primary biliary cirrhosis
(Simko 1994; Poupon 1997; Poupon 2000). However, Simko et al
included non-randomised studies in their meta-analysis that are
more liable to bias, that is systematic overestimation of benefit
(Simko 1994). Poupon et al only included three and five out of the
16 randomised clinical trials in their meta-analyses, respectively
(Poupon 1997; Poupon 2000). Such meta-analyses largely run the
risk of trial selection bias (Gluud 2001a).

The previous Lancet meta-analysis by Goulis 1999 and our first
Cochrane systematic review (Gluud 2001b) were mainly criticised
for including many trials of only two-year duration and with very
heterogeneous lengths of follow-up (Talwalker 2003; Kaplan 2005).
Furthermore, updated evidence from randomised clinical trials
and analyses on longer follow-up data from our previous review
(Gong 2008) did not seem to support long-term ursodeoxycholic
acid treatment for primary biliary cirrhosis. The main finding
in our present updated review does not seem to support long-
term ursodeoxycholic acid intervention, which was suggested in
observational studies (Rust 2005; Pares 2006). Thus, the results
suggest no benefit of ursodeoxycholic acid on mortality.

The Mayo Risk Score Model has identified several prognostic
biomarkers for primary biliary cirrhosis, e.g., serum bilirubin. These
biomarkers may respond to ursodeoxycholic acid and may be
predictive of survival (Dickson 1989). But they do not necessarily
predict clinical benefit of the intervention in question because 'a
perfect correlation does not a surrogate make' (Baker 2003). In
the absence of validated surrogate outcomes in ursodeoxycholic
acid for primary biliary cirrhosis, confirmatory trials assessing
the ursodeoxycholic acid effect should only be based on clinical
outcomes, e.g., mortality. We believe that evaluation based on such
clinical outcomes-based evaluation will benefit patients in the long
run (Gluud 2007).

We also realise that the challenge of performing a new trial on
intervention for primary biliary cirrhosis is high. The estimated
median survival of primary biliary cirrhosis is 10 to 15 years. To
spend 15 years planning and carrying out a trial for each new
potential treatment of primary biliary cirrhosis would consume
many patients' lifetimes, not to mention the expense and difficulty
of retaining patients in such a long trial (Mayo 2005). Nevertheless,
there are at least an estimated one million patients with primary
biliary cirrhosis world-wide. Therefore, it is possible to conduct
large trials with appropriate statistical power if international
groups of primary biliary cirrhosis investigators collaborate. Such
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large trials do not need to be conducted for more than two to four
years.

AUTHORS' CONCLUSIONS

Implications for practice

This updated review confirms and extends previous observations
showing no benefit of ursodeoxycholic acid on all-cause mortality
and on all-cause mortality or liver transplantation. Although based
on a small number of trials with risk of bias, ursodeoxycholic acid
seems to improve liver biochemical variables, including serum
bilirubin concentration, and liver histology. This review does not
support or refute short-term or long-term use of ursodeoxycholic
acid.

Implications for research

It is less likely to find any benefit of ursodeoxycholic acid on
patient's survival in a new trial with the average size of the trials
included into this updated review. Integration of international
groups of investigation for primary biliary cirrhosis will make
large trial sizes feasible. Randomised clinical trials which assess
ursodeoxycholic acid versus placebo in primary biliary cirrhosis

with larger sample sizes and minimised risk of bias are needed.
Trials should mainly be based on clinical outcomes, e.g., mortality.
Multi-centre trials and multinational trials would be necessary to
secure patient recruitment as primary biliary cirrhosis is a relatively
rare disease. Such trials ought to be reported according to the
CONSORT guidelines (www.consort-statement.org).
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Methods
interventions groups).

Multicenter double-blind, placebo controlled randomised clinical trial with parallel group design (two

Trial duration 1 year (six months treatment and six months follow-up).

Follow-up: 5 patients receiving ursodeoxycholic acid and 1 placebo dropped out.

Participants Country: Italy.

Number of patients randomised: 88, mean age 54.5 years (88.5% females), histological stage IV 49%.

Inclusion criteria:

Primary biliary cirrhosis (PBC) defined as:

- positive AMA = 1:40 and liver biopsy compatible with PBC.

If one of these were missing, patients could enter provided they had three of the following:

- serum alkaline phosphatase > 2.0 times upper normal limit;

- immunoglobulin M =280 mg/l;
- pruritus;

- serum bilirubin >2 mg/l;

- a positive Schyrimer's test plus absence of extrahepatic obstruction.

Exclusion criteria:

- serum bilirubin levels > 10 mg/dl;
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Battezzati 1993 (continued)

- ascites;
- previous episodes of variceal bleeding or encephalopathy;
- evidence of malignant conditions;

- alcohol abuse.

Interventions

Patients were randomly assigned to receive:

Intervention group 1: ursodeoxycholic acid 500 mg daily in two dived doses at mealtime ( 8.7 mg/kg/
day; range 5.4-11.6 mg/kg/day), n = 44;
Intervention group 2: placebo, n =44.

No patient was taking any medication known to be hepatotoxic nor had been treated with corticos-
teroids, immunosuppressant agents, colchicine, penicillamine or ursodeoxycholic acid in the previous
six months.

Outcomes Symptoms.
Liver biochemistry.
Serum bile acids.
Serum cholesterol.
Notes Patients switched onto ursodeoxycholic acid at the end of the trial.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Sequence generation was achieved using computer random number genera-
tion (selection bias) tion.
Allocation concealment Low risk Allocation was controlled by a central pharmacy.
(selection bias)
Blinding (performance Low risk It was reported that the trial was double-blinded, that placebo was 'identical
bias and detection bias) in appearance’, and outcome assessment was performed centrally.
All outcomes
Incomplete outcome data  Low risk The numbers and reasons for dropouts and withdrawals in all intervention
(attrition bias) groups were described.
All outcomes
Selective reporting (re- Low risk Pre-defined, or clinically relevant and reasonably expected outcomes are re-
porting bias) ported on.
Other bias Unclear risk It was reported that ursodeoxycholic acid and placebo were obtained through
the courtesy of ABC Farmaceutici, Torino, Italy.
Combes 1995
Methods Multicenter double-blind, placebo controlled randomised clinical trial with parallel group design (two

interventions groups).
Trial duration 2 years.

Follow-up: 2 patients from the ursodeoxycholic acid and 3 patients from the placebo groups withdrew
from the trial during the placebo controlled period (0 to 2 year).
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Participants

Country: USA

Number of patients randomised: 151, from six centres, mean age 49.2 years (89% females), histological
stage I-11 32.5%, I1I-1V 67.5%.

Inclusion criteria:

- cholestatic liver disease for at least six months;

- serum alkaline phosphatase > 1.5 times upper normal limit;
- positive AMA;

- no biliary obstruction;

- liver biopsy compatible with PBC.
Exclusion criteria:

- PBC treatment during the last three months;
- recurrent bleeds from varices;

- spontaneous encephalopathy;

- diuretic-resistant ascites;

- serum bilirubin =20 mg/dl;

- pregnancy;

- age <19years;

- other cause of liver disease.

Interventions

Patients were randomly assigned to receive:

Intervention group 1: ursodeoxycholic acid 10 to 12 mg/kg/day once at bedtime (Ciba-Geigy Corpora-
tion), n=77;
Intervention group 2: placebo (2 years) and open-label ursodeoxycholic acid (4 years), n=74.

Outcomes

Mortality free of liver transplantation.
Liver transplantation.

Symptoms.

Liver biochemistry.

Liver histology.

ursodeoxycholic acid enrichment in bile.

Notes

Three patients randomised to receive placebo had high bile-ursodeoxycholic acid concentrations, sug-
gesting ursodeoxycholic acid intake.

All patients were offered open label ursodeoxycholic acid following completion of the first 2-year of the
trial.

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The trial is described as randomised, but the method of sequence generation
was not specified.

Allocation concealment
(selection bias)

Unclear risk The trial was described as randomised but the method used to conceal the al-
location was not described, so that intervention allocations may have been
foreseen in advance of, or during enrolment.
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Blinding (performance Low risk Described as double-blind, placebo described as 'comparable-appearing' and

bias and detection bias) it was reported that 'coded medications were provided'. All investigators re-

All outcomes mained blinded throughout the trial to the treatment allocation for each pa-
tient.

Incomplete outcome data  Low risk The numbers and reasons for dropouts and withdrawals in all intervention

(attrition bias) groups were described.

All outcomes

Selective reporting (re- Low risk Pre-defined, or clinically relevant and reasonably expected outcomes are re-

porting bias) ported on.

Other bias Low risk The trial appears to be free of information that could put it at risk of bias.

De la Mora 1994

Methods

Randomised trial.

Follow-up: information not provided.

Participants

Patients with PBC (n = 28) from one centre in Mexico.

Interventions

Experimental: ursodeoxycholic acid (details were not given).

Control: placebo.

Outcomes Serum cholesterol.

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk The trial is described as randomised, but the method of sequence generation

tion (selection bias) was not specified.

Allocation concealment Unclear risk The trial was described as randomised but the method used to conceal the al-

(selection bias) location was not described, so that intervention allocations may have been
foreseen in advance of, or during, enrolment.

Blinding (performance Unclear risk 'Placebo’ employed, but it is not known if it was indeed double blind.

bias and detection bias)

All outcomes

Incomplete outcome data  Unclear risk The report gave the impression that there had been no dropouts or with-

(attrition bias) drawals, but this was not specifically stated.

All outcomes

Selective reporting (re- Unclear risk Not all pre-defined, or clinically relevant and reasonably expected outcomes

porting bias) are reported on or are not reported fully, or it is unclear whether data on these
outcomes were recorded or not.

Other bias Unclear risk The trial may or may not be free of information that could put it at risk of bias.
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Eriksson 1997

Methods

Multicenter double-blind, placebo controlled randomised clinical trial with parallel group design (two
interventions groups).
Trial duration 2 years.

Follow-up: 8 patients from the ursodeoxycholic acid and 7 patients from the placebo withdrew.

Patients were stratified into symptomatic and asymptomatic.

Participants

Country: Sweden.
Number of patients randomised: 116, from six centres in Sweeden, mean age 57 years (85.5% females).
Inclusion criteria:

PBC defined as chronic cholestatic liver disease of more than six months duration with histology typi-
cal of or compatible with PBC plus at least two of the following:

- positive anti-mitochondrial antibodies;
- alkaline phosphatases > 1.5 times the upper reference value;

- 1gM > 1.5 times the upper reference value during the year preceding the entry into the trial.
Exclusion criteria:

- patients with severe end-stage liver disease;

- diuretic-resistant ascites;

- repeated variceal bleeding in spite of sclerosing treatment;
- patients waiting for liver transplantation;

- pregnancy;

- alcohol or drug abuse.

Interventions

Patients were randomly assigned to receive:

Intervention group 1: 500 mg ursodeoxycholic acid (“7.7 mg/kg/day) as two capsules in the evening, n
=60;
Intervention group 2: placebo, n = 56.

Outcomes

Mortality.

Liver transplantation.

Symptoms - pruritus, fatigue, ascites, jaundice.

Liver biochemistry and bile acids.

Histology - portal inflammation, spill-over, interface hepatitis, bile duct proliferation, portal fibrosis.
Quality of life.

Notes

At 24 months, 32 of 49 patients allocated to placebo and still remaining in the trial were switched to ur-
sodeoxycholic acid and 42 of 52 patients allocated to ursodeoxycholic acid and still remainingin the
trial continued with ursodeoxycholic acid.

Anti-hepatitis C virus tests not performed.

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Sequence generation was achieved using a randomisation list which was pro-
duced for every clinic.
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Allocation concealment Unclear risk The trial was described as randomised but the method used to conceal the al-

(selection bias) location was not described, so that intervention allocations may have been
foreseen in advance of, or during, enrolment.

Blinding (performance Low risk Described as 'double-blind', and placebo looked identical to ursodeoxycholic

bias and detection bias) acid, but details on taste and smell not given. However outcome assessment

All outcomes was blinded and the possible non-blinding of others unlikely to introduce bias.

Incomplete outcome data  Low risk The numbers and reasons for dropouts and withdrawals in all intervention

(attrition bias) groups were described.

All outcomes

Selective reporting (re- Low risk Pre-defined, or clinically relevant and reasonably expected outcomes are re-

porting bias) ported on.

Other bias Low risk Trial appears to be free of information that could put it at risk of bias.

Goddard 1994

Methods

Double-blind, placebo controlled randomised clinical trial with parallel group design (three interven-
tions groups and one control group).

Mean follow-up: 15 months (range: 0 to 30 months).

Participants

Country: UK.

Number of patients randomised: 57, mean age and sex ratio not provided.
Inclusion criteria:patients with PBC.

Exclusion criteria: none listed.

Diagnostic criteria (data being sought).

Interventions

Patients were randomly assigned to receive:

Intervention group 1: ursodeoxycholic acid 10mg/kg/day.
Intervention group 2: colchicine 1 mg/day.

Intervention group 3: ursodeoxycholic acid plus colchicine.

Control: placebo.

Outcomes Mortality (being sought).
Liver transplantation (being sought).
Liver biochemistry.
Notes No exact data on number of patients randomised to each arm. Data on mortality and liver transplanta-
tion are not given separately.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk The trial is described as randomised, but the method of sequence generation
tion (selection bias) was not specified.
Allocation concealment Unclear risk The trial was described as randomised but the method used to conceal the al-

(selection bias)

location was not described, so that intervention allocations may have been
foreseen in advance of, or during, enrolment.
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Goddard 1994 (continued)

Blinding (performance Unclear risk 'Placebo’ employed, but it is not known if it was indeed double blind.
bias and detection bias)
All outcomes

Incomplete outcome data  Unclear risk Treatment failures were reported but the exact numbers and reasons for
(attrition bias) dropouts and withdrawals were not described in all intervention groups.
All outcomes

Selective reporting (re- Unclear risk One or more clinically relevant and reasonably expected outcomes were not

porting bias) reported fully, or it is unclear whether data on these outcomes were recorded
or not.

Other bias Unclear risk The trial may or may not be free of information that could put it at risk of bias.

Heathcote 1994

Methods Multicenter double-blind, placebo controlled randomised clinical trial with parallel group design (two
interventions groups).
Trial duration 2 years.

Follow-up: 13 patients receiving ursodeoxycholic acid and 19 placebo withdrew.

Participants Country: Canada.

Number of patients randomised: of 408 patients assessed, 222 patients were randomised (1:1) during
a 26 months period, mean age 56.3 years (93% females), histological stage | 18.5%, 11 27%, Il 29%, IV
25.5%.

Inclusion criteria:

- positive AMA;

- serum alkaline phosphatase > 1.0 times upper normal limit;
- liver biopsy compatible with PBC;

-age > 18 years.

Exclusion criteria:

- patients on liver transplant list;

- patients needed to take enzyme-inducing drugs;

- pregnancy;

- severe coexisting condition that was likely to affect survival within five years of trial entry.

Interventions Patients were randomly assigned to receive:

Intervention group 1: ursodeoxycholic acid 14mg/kg/day swallowed with the evening meal, n=111;
Intervention group 2: placebo, n =111.

Outcomes Mortality.
Liver transplantation.
Symptoms - pruritus, fatigue.
Liver biochemistry and bile acids.
Histology.

Notes Patients offered ursodeoxycholic acid at the end of the trial for 6 to 24 months.

Data for serum cholesterol were extracted from Heathcote 1993 (Heathcote 1994).

Risk of bias
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Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The method of sequence generation was generated using consecutive identifi-
cation numbers.

Allocation concealment
(selection bias)

Low risk Allocation was controlled separately at each centre by the trial pharmacist
stratified for symptomatic/asymptomatic.

Blinding (performance
bias and detection bias)
All outcomes

Low risk Described as double-blind, and the placebo tablets were identical and 'equally
bitter tasting', this was confirmed by the research coordinator. Also, outcome
assessment was blinded.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk The numbers and reasons for dropouts and withdrawals in all intervention
groups were described.

Selective reporting (re- Low risk Pre-defined, or clinically relevant and reasonably expected outcomes are re-
porting bias) ported on.
Other bias Unclear risk It was reported that trial medications were kindly provided by Interfalk and
Jouveinal Inc., Canada.
Hwang 1993
Methods Double-blind, placebo controlled randomised clinical trial with cross-over group design (two interven-

tions groups).
Trial duration: 3 months.

Follow-up: no patients withdrew.

Participants

Country: China.
Number of patients randomised: 12, mean age 58 years (100% females).

Inclusion criteria:

- elevated serum alkaline phosphatase and gamma-glutamyl transferase with lack of large bile duct ab-
normalities;

- positive AMA with elevated immunoglobulin M, G or A;
- liver biopsy compatible with PBC.
Exclusion criteria:

- previous PBC treatment.

Interventions

Patients were randomly assigned to receive:
Intervention group 1: ursodeoxycholic acid 600 mg/day.

Intervention group 2: placebo.

Outcomes Mortality.
Symptoms.
Liver biochemistry.
Notes All patients switched to ursodeoxycholic acid on completion of the six months cross-over trial.
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Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk The trial is described as randomised, but the method of sequence generation
tion (selection bias) was not specified.
Allocation concealment Unclear risk The trial was described as randomised but the method used to conceal the al-
(selection bias) location was not described, so that intervention allocations may have been
foreseen in advance of, or during, enrolment.
Blinding (performance Low risk It was reported that placebo was 'identical tablet form containing starch'.
bias and detection bias)
All outcomes
Incomplete outcome data  Low risk It was specified that there were no dropouts or withdrawals, and that all 12 pa-
(attrition bias) tients completed a six month course of treatment.
All outcomes
Selective reporting (re- Low risk All expected outcomes are reported.
porting bias)
Other bias Low risk The trial appears to be free of information that could put it at risk of bias.
Leuschner 1989
Methods Double-blind, placebo controlled randomised clinical trial with parallel group design (two interven-

tions groups).
Trial duration: 9 months.

Follow-up: 2 patients from placebo arm left the trial.

Participants

Country: Germany.

Number of patients randomised: 20, mean age not provided (90% females).
Inclusion criteria:

PBC defined as at least three of the following:

- alkaline phosphatase > 1.7 times upper normal limit;

- gamma-glutamyl transferase > 5.0 times upper normal limit;

- immunoglobulin M > 2.0 times upper normal limit;

- positive AMA plus no obstruction of the extrahepatic biliary tract.
Exclusion criteria:

- oesophageal varices;

- ascites;

- pancreatitis;

- cardiac failure or renal failure;

- pregnancy;
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Leuschner 1989 (Continued)

- age <30 years;

- any previous PBC treatment within the four weeks;

- alcohol or drug abuse.

Interventions

Patients were randomly assigned to receive:

Intervention group 1: ursodeoxycholic acid 10 mg/kg/day, divided into two doses, n = 10.

Intervention group 2: placebo, n = 10.

Outcomes Outcome measure(s):
- mortality;
- symptoms;
- liver biochemistry;
- liver histology.
Notes Two patients from the placebo arm left the trial for reasons unrelated to the trial and are not consid-
ered in the analysis of the results.
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk The trial is described as randomised, but the method of sequence generation

tion (selection bias) was not specified.

Allocation concealment Unclear risk The trial was described as randomised but the method used to conceal the al-

(selection bias) location was not described, so that intervention allocations may have been

foreseen in advance of, or during, enrolment.

Blinding (performance Low risk It was reported that placebo was 'identical tablet'

bias and detection bias)

All outcomes

Incomplete outcome data ~ Low risk The numbers and reasons for dropouts and withdrawals in all intervention

(attrition bias) groups were described.

All outcomes

Selective reporting (re- Low risk All expected outcomes are reported.

porting bias)

Other bias Low risk The trial appears to be free of information that could put it at risk of bias.
Lindor 1994

Methods Multicenter double-blind, placebo controlled randomised clinical trial with parallel group design (two

interventions groups).

Trial duration: 4 years.

Follow-up: five voluntary withdrawals in ursodeoxycholic acid arm and 13 voluntary withdrawals in the

placebo arm.

Participants

Country: USA.
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Lindor 1994 (continued)

Number of patients randomised: 180, enrolled from four USA centres, mean age 53 years (89% fe-
males). However, 162 patients (90%) came from one centre.

Inclusion criteria:

PBC defined as:

- chronic cholestatic liver disease for at least six months;

- serum alkaline phosphatase level > 1.5 times upper normal limit;
- antimitochondrial antibody positivity;

- absence of biliary obstruction;

- liver biopsy compatible with PBC.

Exclusion criteria:

- previous PBC treatment in preceding 3 months;

- anticipated need for liver transplantation within one year;
- recurrent variceal haemorrhage;

- spontaneous encephalopathy, or diuretic resistant ascites;
- pregnancy;

- age less than 18 or more than 70 years;

- other co-existent liver disease.

Interventions

Patients were randomly assigned to receive:

Intervention group 1: ursodeoxycholic acid in the form of 250 mg tablets at a dose of 13 to 15mg/kg/
day in four divided doses, n = 89;

Intervention group 2: placebo, n =91.

Outcomes

Outcome measure(s):

- mortality;

- liver transplantation;

- symptoms;

- autoimmune conditions;
- liver biochemistry;

- liver histology;

- adverse events.

Notes

Patients originally receiving placebo switched to ursodeoxycholic acid after four years and were fol-
lowed for an additional eight years.

Data for the following outcomes were extracted from (Lindor 1994):
- development of varices (Angulo 1999);

- bleeding varices (Lindor 1997);

- ascites (Lindor 1997);

- cholesterol (Balan 1994).

Risk of bias
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Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was performed separately for each strata using 'a blocked,
randomised assignment schedule'.

Allocation concealment
(selection bias)

Low risk Allocation was controlled so that intervention allocations could not have been
foreseen in advance of, or during enrolment.

Blinding (performance
bias and detection bias)
All outcomes

Low risk The trial was described as blinded, the parties that were blinded, and the
method of blinding was described, so that knowledge of allocation was ade-
quately prevented during the trial.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk The numbers and reasons for dropouts and withdrawals in all intervention
groups were described.

Selective reporting (re- Low risk Pre-defined, or clinically relevant and reasonably expected outcomes are re-
porting bias) ported on.
Other bias Low risk The trial appears to be free of other information that could put it at risk of
bias.
Oka 1990
Methods Multicenter double-blind, placebo controlled randomised clinical trial with parallel group design (two

interventions groups).
Trial duration: 24 weeks.

Follow-up: 4 patients receiving ursodeoxycholic acid and 3 placebo dropped out.

Participants

Country: Japan.

Number of patients randomised: 52, from 13 departments in Japan, mean age 59 years (91% females).
Inclusion criteria:

- PBC was diagnosed clinically and histologically.

Exclusion criteria:

- patients with severe symptoms or having received other medications for their PBC within the last
three months.

Interventions

Patients were randomly assigned to receive:
Intervention group 1: ursodeoxycholic acid 600 mg/day in three divided doses, n = 26;

Intervention group 2: placebo, n = 26.

Outcomes Symptoms (itching).
Complications (oesophageal varices).
Liver biochemistry.
Serum cholesterol.
Serum bile acids.
Notes
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Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk The trial is described as randomised, but the method of sequence generation
tion (selection bias) was not specified.
Allocation concealment Low risk Allocation was controlled by a single monitor according to a randomisation
(selection bias) scheme (1:1), so that intervention allocations could not have been foreseen in
advance of, or during, enrolment.
Blinding (performance Low risk "Placebo tablets could not be distinguished from ursodeoxycholic acid
bias and detection bias) tablets".
All outcomes
Incomplete outcome data  Low risk The numbers and reasons for dropouts and withdrawals in all intervention
(attrition bias) groups were described.
All outcomes
Selective reporting (re- Low risk Pre-defined, or clinically relevant and reasonably expected outcomes are re-
porting bias) ported on.
Other bias Low risk The trial appears to be free of information that could put it at risk of bias.

Papatheodoridis 2002

Methods

Randomised clinical trial with parallel group design (two interventions groups).
Trial duration: 92 months.

Follow-up: no patients lost to follow-up.

Participants

Country: Greece.

Number of patients randomised: 86, mean age 54 years (89% females).
Inclusion criteria:

- liver histology compatible with PBC;

- positive antimitochondrial antibodies;

- alkaline phosphatase levels more than twice the upper limit of normal.
Exclusion criteria:

- extrahepatic biliary obstruction or other cause of liver disease;
- patients aged > 70 years;

- patients treated with any immunosuppressive agent within the 12 months before entry;

- patients with decompensated cirrhosis (Child class B or C);
- baseline bilirubin levels = 3 mg/dl.

Interventions

Patients were randomly assigned to receive:

Intervention group 1: ursodeoxycholic acid 12 to 15 mg/kg/day, n = 43;
Intervention group 2: no intervention, n =43.

Outcomes

Liver decompensation.
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Papatheodoridis 2002 (continued)

Mortality or liver transplantation.
Symptoms.

Liver biochemistry.

Liver histology.

Notes 14/43 control patients were crossed-over to ursodeoxycholic acid at their own request at a median of
3.5 years (range 2 to 8 years) after entry in the trial. Mean follow-up was 7.3 + 3.0 years in the ursodeoxy-
cholic acid group and 8.1 + 3.1 years in the control group. The authors did both intention-to-treat analy-
sis and treatment-as-received analysis.

Data for the following outcomes were extracted from graphs from Hadziyannis 1990 (Papatheodoridis
2002):

- serum bilirubin;

- serum alanine aminotransferase.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Sequence generation was achieved using random number table.

tion (selection bias)

Allocation concealment Low risk Allocation was controlled by serially numbered sealed envelopes.

(selection bias)

Blinding (performance Unclear risk The trial did not address this component and it was likely unblinded.

bias and detection bias)

All outcomes

Incomplete outcome data  Low risk It was specified that there were no dropouts or withdrawals.

(attrition bias)

All outcomes

Selective reporting (re- Low risk Pre-defined, or clinically relevant and reasonably expected outcomes are re-

porting bias) ported on.

Other bias Unclear risk The trial reported a grant from the pharmaceutical company Galenica Hellas.

Pares 2000
Methods Double-blind, placebo controlled randomised clinical trial with parallel group design (two interven-

tions groups).
Trial duration: at least 2 years (median follow-up was 3.4 years).

Follow-up: 10 ursodeoxycholic acid treated patients and 21 placebo treated patients discontinued.

Participants

Country: Spain.

Number of patients randomised: 192, from 16 hospitals in Spain, mean age 54 years (93% females).
Inclusion criteria:

- compatible liver biopsy;

- alkaline phosphatase > 2 upper normal limit;
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Pares 2000 (Continued)

- positive antimitochondrial antibodies;

- patients with negative antimitochondrial antibodies were accepted if there was no evidence of extra-
hepatic biliary obstruction.

Exclusion criteria:

-age>T2years;

- previous PBC treatment in the 6 months before entry;
- life expectancy less than 6 months;

- drug addiction;

- pregnancy;

- other cause of liver disease.

Interventions Patients were randomly assigned to receive:

Intervention group 1: ursodeoxycholic acid 14 to 16 mg/kg/day in three divided doses, n =99;
Intervention group 2: no intervention, n =93.

Outcomes Mortality.
Liver transplantation.
Symptoms.
Complications.
Liver biochemistry.
Liver histology.

Adverse events.

Notes Data for liver biopsy findings - dichotomous variables outcome were extracted from Pares 2001 (Pares
2000).

Additional information requested on 26th January 2012 and reply received on 315t January 2012
through personal communication with the principal author Dr. Albert Pares who provided data on the
method of sequence generation.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Patients were randomised to take ursodeoxycholic acid or placebo (ratio 1: 1),
tion (selection bias) using a randomisation code generated by computer.

Allocation concealment Low risk Allocation was controlled by serially numbered sealed and opaque envelopes.

(selection bias)

Blinding (performance Low risk The trial was described as blinded, the parties that were blinded, and the
bias and detection bias) method of blinding was described ('placebo was identical in appearance,
All outcomes smell, and taste'), so that knowledge of allocation was adequately prevented

during the trial.

Incomplete outcome data  Low risk The numbers and reasons for dropouts and withdrawals in all intervention
(attrition bias) groups were described.
All outcomes

Selective reporting (re- Low risk Pre-defined, or clinically relevant and reasonably expected outcomes are re-
porting bias) ported on.
Ursodeoxycholic acid for primary biliary cirrhosis (Review) 52

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Pares 2000 (Continued)

Other bias Unclear risk It was reported that trial medications were provided by Zambon S. A., Labora-
torio Farmaceutico.

Poupon 1991

Methods Multicenter double-blind, placebo controlled randomised clinical trial with parallel group design (two
interventions groups).

Trial duration: 2 years.

Follow-up: 5 patients receiving ursodeoxycholic acid and 6 placebo withdrew.

Participants Country: France and Canada.

Number of patients randomised: 146, from 22 centres in France and Canada, mean age 56 years (92%
females).

Inclusion criteria:

- liver biopsy compatible with PBC;

- serum alkaline phosphatase > 2.0 upper normal limit;
- positive AMA.

Exclusion criteria:

- PBC treatment within last six months;

- serum bilirubin > 150 pmol/l;

- serum albumin <25 g/l;

- past or active bleeding oesophageal varices;
- presence of extrahepatic obstruction;

- excessive alcohol consumption;

- positive hepatitis B surface antigen.

Interventions Patients were randomly assigned to receive:

Intervention group 1: ursodeoxycholic acid 13 to 15 mg/kg/day, n =73;
Intervention group 2: placebo, n=73.

Outcomes Mortality.
Liver transplantation.
Symptoms.
Liver biochemistry.
Liver histology.

Notes All patients treated for two years with placebo were offered ursodeoxycholic acid and further fol-
lowed-up for another two years together with patients continuing on ursodeoxycholic acid.

One patient, included in the publications of the study up to 1993, was excluded from the 1994 publica-
tion due to a raised serum bilirubin at entry, which violated the entry criteria. Data were extracted at
the maximum follow-up where applicable, if not the end of treatment was used for data extraction.

Risk of bias
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Poupon 1991 (Continued)

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The trial is described as randomised, but the method of sequence generation
was not specified.

Allocation concealment
(selection bias)

Unclear risk The trial was described as randomised but the method used to conceal the al-
location was not described, so that intervention allocations may have been
foreseen in advance of, or during, enrolment.

Blinding (performance
bias and detection bias)
All outcomes

Low risk The trial was described as blinded, the parties that were blinded, and the
method of blinding was described - placebo was 'identical capsule', so that
knowledge of allocation was adequately prevented during the trial.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk The numbers and reasons for dropouts and withdrawals in all intervention
groups were described.

Selective reporting (re- Low risk Pre-defined, or clinically relevant and reasonably expected outcomes are re-

porting bias) ported on.

Other bias Low risk The trial appears to be free of information that could put it at risk of bias.
Senior 1991

Methods Double-blind randomised clinical trial with parallel group design (two interventions groups).

Trial duration: six months.

Follow-up: no patients withdrew.

Participants

Country: USA.

Number of patients randomised: 19, mean age 53 years (75% females).

Inclusion criteria:

- PBC confirmed by liver biopsy and supporting clinical tests within six months of entry into the trial.
Exclusion criteria:

- none listed.

Interventions

Patients were randomly assigned to receive:

Intervention group 1: ursodeoxycholic acid 10 mg/kg/day, n =9;
Intervention group 2: placebo, n = 10.

Outcomes Mortality.
Symptoms.
Liver biochemistry.
Notes Data for the following outcomes were extracted from O'Brian 1990 (Senior 1991):
- mortality;
- liver transplantation.
Risk of bias
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Senior 1991 (Continued)

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk The trial is described as randomised, but the method of sequence generation

tion (selection bias) was not specified.

Allocation concealment Unclear risk The trial was described as randomised but the method used to conceal the al-

(selection bias) location was not described, so that intervention allocations may have been
foreseen in advance of, or during, enrolment.

Blinding (performance Unclear risk The trial was described as double-blind, but the method of blinding was not

bias and detection bias) described, so that knowledge of allocation was possible during the trial.

All outcomes

Incomplete outcome data  Unclear risk The report gave the impression that there had been no dropouts or with-

(attrition bias) drawals, but this was not specifically stated.

All outcomes

Selective reporting (re- Unclear risk Not all pre-defined, or clinically relevant and reasonably expected outcomes

porting bias) are not reported fully and properly.

Other bias Unclear risk The trial reported partial support for ursodiol supplies by Ciba-Geigy Corpora-
tion.

Turner 1994
Methods Double-blind, placebo controlled randomised clinical trial with parallel group design (two interven-

tions groups).
Trial duration: 2 years.

Follow-up: 5 patients receiving ursodeoxycholic acid and 4 placebo withdrew.

Participants

Country: UK.

Number of patients randomised: 46, mean age 57 years (96% females).
Inclusion criteria:

- liver biopsy compatible with PBC;

- positive AMA;

- abnormal liver function tests;

- no medication within six months of trial entry.

Exclusion criteria:

- none listed.

Interventions

Patients were randomly assigned to receive:

Intervention group 1: ursodeoxycholic acid 10mg/kg/day (mean actual dose (+/-SD): 11.4+/-0.9 mg/kg/
day), n=22;
Intervention group 2: placebo, n = 24.

Outcomes Mortality.
Liver transplantation.
Symptoms.
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Turner 1994 (Continued)

Liver biochemistry.
Liver histology.

Quality of life.
Notes Data for the following outcomes were extracted from the preliminary report of the included trial (Mys-
zor 1990):
- pruritus score;
- serum bilirubin;
- serum alkaline phosphatases;
- serum aspartate aminotransferase.
Number of patients randomised 34, follow-up 1 year.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk The trial is described as randomised, but the method of sequence generation
tion (selection bias) was not specified.
Allocation concealment Unclear risk The trial was described as randomised but the method used to conceal the al-
(selection bias) location was not described, so that intervention allocations may have been
foreseen in advance of, or during, enrolment.
Blinding (performance Low risk The trial was described as blinded, the parties that were blinded, and the
bias and detection bias) method of blinding was described, so that knowledge of allocation was ade-
All outcomes quately prevented during the trial.
Incomplete outcome data  Low risk The numbers and reasons for dropouts and withdrawals in all intervention
(attrition bias) groups were described.
All outcomes
Selective reporting (re- Low risk Pre-defined, or clinically relevant and reasonably expected outcomes are re-
porting bias) ported on.
Other bias Unclear risk It was reported that trial medications were generously donated by Thames

Laboratories, Wrex-ham, Wales.

Vuoristo 1995

Methods

Double-blind, placebo controlled randomised clinical trial with parallel group design (two interven-
tions groups and one control group).

Trial duration: 2 years.

Follow-up: 0 patients receiving ursodeoxycholic acid and 8 placebo withdrew.

Participants

Country: Finland.
Number of patients randomised: 90, from four centres in Finland, mean age 55 years (82% females).
Inclusion criteria:

- elevated serum alkaline phosphatases activity;
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- liver biopsy compatible with PBC;

- positive AMA.

Exclusion criteria:

- other cause of liver disease;

- positive hepatitis B surface antigen and hepatitis C antibodies;
- end-stage PBC;

- patients treated with drugs that might affect prognosis;
- serum bilirubin level > 150 umol/L;

- serum albumin level <25 g/L;

- drug-resistant ascites;

- patients in whom liver transplantation was indicated;

- previous PBC treatment for 6 months before the trial.

Interventions Patients were randomly assigned to receive:

Intervention group 1: ursodeoxycholic acid 12 to 15 mg/kg/day in two doses, n = 30;
Intervention group 2: colchicine 1 mg/day, n = 29;

Control: placebo, n =31.

Outcomes Mortality.
Liver transplantation.
Symptoms.
Liver biochemistry.
Liver histology.

Adverse events.
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk The trial is described as randomised, but the method of sequence generation
tion (selection bias) was not specified.
Allocation concealment Unclear risk The trial was described as randomised but the method used to conceal the al-
(selection bias) location was not described, so that intervention allocations may have been
foreseen in advance of, or during, enrolment.
Blinding (performance Unclear risk The trial was described as blind, but the method of blinding was not described
bias and detection bias) fully (it was only reported that placebo was used, but no mention on appear-
All outcomes ance), so knowledge of allocation was possible during the trial. The outcome
assessment was blinded.
Incomplete outcome data  Low risk The numbers and reasons for dropouts and withdrawals in all intervention
(attrition bias) groups were described.
All outcomes
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Selective reporting (re- Low risk Pre-defined, or clinically relevant and reasonably expected outcomes are re-
porting bias) ported on.
Other bias Unclear risk It was reported that ursodeoxycholic acid tablets were donated by Leiras Oy,

Helsinki, Finland.

PBC = primary biliary cirrhosis.

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Angulo 1999

This is not a randomised trial, but a comparison of liver histology of 16 ursodeoxycholic acid
treated patients from one randomised trial to the liver histology of 51 patients from another ran-
domised trial.

Angulo 1999 a

There is no placebo or no intervention group in this randomised trial, which compares low (5 to 7
mg/kg/day), standard (13 to 15 mg/kg/day), and high (23 to 25 mg/kg/day) doses of ursodeoxy-
cholic acid in 155 patients with PBC. The improvements in alkaline phosphatase, aspartate amino-
transferase, Mayo risk score, and biliary ursodeoxycholic acid enrichment were significantly greater
in the standard- and high-dose groups compared to the low-dose group, but not between the stan-
dard- and high-dose group. No significant effects were noted on symptoms with any dose.

Bateson 1998

This is a case series of 40 PBC patients with symptomatic disease treated with ursodeoxycholic
acid. The results were compared to 12 historic ursodeoxycholic acid-untreated PBC patients.

Brodanova 1997

This is a case series of 13 PBC patients treated with ursodeoxycholic acid.

Cauch-Dudek 1998

This is a case series of 88 patients with PBC evaluating fatigue. A self-rated fatigue. Severity score
did not correlate with ursodeoxycholic acid use.

Crippa 1995

The trial is not randomised, but compares 18 ursodeoxycholic acid treated PBC patients to eight
untreated PBC patients.

Crosignani 1996

This is a dose-response study examining the effects of three doses of tauro-ursodeoxycholic acid in
24 patients with PBC.

Eisenburg 1988 This is a case series of 21 PBC patients during ursodeoxycholic acid administration.

Ferri 1993 This is a controlled comparison of ursodeoxycholic acid with tauro-ursodeoxycholic acid for PBC.

Grippa 1995 This is a non-randomised study comparing 18 ursodeoxycholic acid treated PBC patients to eight
ursodeoxycholic acid-untreated PBC patients.

Ideo 1990 Out of three PBC patients treated with ursodeoxycholic acid (600 mg/day), ursodeoxycholic acid
was stopped in one of these patiens 'randomly selected'.

Ikeda 1996 This is a randomised trial comparing ursodeoxycholic acid plus colchicine versus ursodeoxycholic

acid alone in 22 patients with PBC.

Kehagioglou 1991

The study is not described as randomised, but compares 16 PBC patients treated with ursodeoxy-
cholic acid (14 mg/kg/day for a mean period of 22 months (range 3 months to 35 months) to a con-
trol group consisting of 10 PBC patients treated with placebo.
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Kim 1997 This is a case series of eight ursodeoxycholic acid-treated PBC patiens who lacked antimitochondr-

ial antibodies.

Kneppelhout 1992

This is a case series of 19 patients with PBC during ursodeoxycholic acid administration.

Krzeski 1999

This is a case series of 60 PBC patients treated with ursodeoxycholic acid.

Larghi 1997 This is a randomised trial with crossover design comparing ursodeoxycholic acid versus tauro-ur-
sodeoxycholic acid.
Leuschner 1996 This randomised trial compared ursodeoxycholic acid plus prednisolone versus ursodeoxycholic

acid plus placebo for PBC.

LONDON 1998

This trial compared placebo to different doses of URSO (300 mg/day, 600 mg/day, 900 mg/day and
1200 mg/day) in 23 biopsy proven early stage PBC patients. There is no mention of randomisation.
Patients were followed for eight weeks with a four week washout period between doses. A signifi-
cant trend toward normalising of abnormal liver function tests was observed together with a signif-
icantincrease in lethargy, irrespective of ursodeoxycholic acid dose, compared to placebo.

Lotterer 1990

This is a case series of twelve PBC patients during ursodeoxycholic acid administration.

Matsuzaka 1994

This is a case series of three PBC patients during ursodeoxycholic acid administration.

Matsuzaki 1990

This is a case series of ten PBC patients during ursodeoxycholic acid administration.

MAYO-II 1997

This trial randomised 150 PBC patients to three doses of ursodeoxycholic acid (5 to 7 mg/kg/day;
13 to 15 mg/kg/day; 22 to 25 mg/kg/day) and followed the patients for one year. No differences
were observed between the medium and the high dose with respect to liver biochemistry changes,
but both these dose groups had significantly greater improvement of liver biochemistry compared
to the low dose group. Clinical events such as death, transplantation, or complications of liver dis-
ease were rare and were not different between the three dose groups.

NEWARK-I

The study is not randomised. The study included only four patients with PBC and apparently these
were treated first with placebo for three months and then with ursodeoxycholic acid (10-15 mg/kg/
day) for three-six months. No major outcome variables are reported.

NEWARK-III

This study investigated biochemical features, including biliary bile acids, in 14 patients with PBC
using a paired design. First, all patients received placebo for three months. Then, the patients were
treated with 900 mg ursodeoxycholic acid (10-12 mg/kg/day) for six months (n = 11) to 12 months
(n=8). The latter patients were then treated with placebo for three months and restarted on ur-
sodeoxycholic acid for another 12 months. Due to the paired design, the observed improvements
may be due to the fluctuating course of PBC.

Ogino 1993

This is a case series of 28 PBC patients treated with ursodeoxycholic acid and compared to seven
PBC patiens not treated with ursodeoxycholic acid.

Okuyama 1988

This is a study of a single PBC patient during ursodeoxycholic acid administration.

Osuga 1989

This is a case series of eight PBC patients during ursodeoxycholic acid administration.

Peridigoto 1992

This is a study of three PBC patiens during ursodeoxycholic acid administration.

Podda 1989

This is a randomised trial examining three doses of ursodeoxycholic acid in PBC patients and pa-
tients with primary sclerosing cholangitis and chronic hepatitis.

Poupon 1987

This is a case series of 15 PBC patients during ursodeoxycholic acid administration.
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Study

Reason for exclusion

Poupon 1989

This study is not randomised.

Poupon 1996

This is a randomised trial comparing ursodeoxycholic acid plus colchicine versus ursodeoxycholic
acid in 74 patients with PBC.

Schonfeld 1997

This is a case series of 15 PBC patients during ursodeoxycholic acid administration.

Shibata 1992

This is a case series of 12 PBC patients during ursodeoxycholic acid administration.

Stiehl 1990

This is a case series of 29 patients with PBC during ursodeoxycholic acid administration.

Taha 1994

This is a case series of patients with PBC during different drug administrations (cholestyramine,
wash out, ursodeoxycholic acid, and ursodeoxycholic acid plus cholestyramine).

Takezaki 1991

This is a study of a single PBC patient during ursodeoxycholic acid administration.

Toda 1998

No placebo or no intervention group are included. The trial compares the efficacy of three doses of
ursodeoxycholic acid (150 mg/day; 600 mg/day; 900 mg/day) in 82 PBC patients for 24 months.

Unoura 1990

Not a randomised trial, but compares 16 ursodeoxycholic acid treated PBC-patients to eight pa-
tients without ursodeoxycholic acid treatment.

Van de Meeberg 1996

No placebo or no intervention group. Five patients treated 'in random order' with 10 mg ur-
sodeoxycholic acid/kg/day in either a single or in three divided doses - no difference in liver bio-
chemistry improvement.

Van Hoogstraten 1998

This RCT compares 10 versus 20 mg ursodeoxycholic acid/kg/day during six months in 61 PBC pa-
tients. Liver biochemistry improved in PBC patients receiving 20 mg/kg/day compared to a dose of
10 mg/kg/day.

Verma 1999

This cross-over RCT compares different doses of ursodeoxycholic acid in twenty-four biop-
sy-proven early-stage PBC patients (one male, 23 female) who received five doses of ursodeoxy-
cholic acid (0, 300, 600, 900, 1200 mg/day) each for eight weeks with four-week washout periods
between doses. Symptoms (pruritus, fatigue, diarrhoea) were assessed on a four-point scale (none,
mild, moderate, severe). Liver function tests were performed using conventional methods, and
serum bile acids were measured using gas liquid chromatography. The dose of 900 mg/day pro-
duced the greatest enrichment of ursodeoxycholic acid in serum bile acids, although there was

no difference in the enrichment of ursodeoxycholic acid between the different doses. There was

a trend towards normalization of the abnormal LFTs in a dose-dependent manner (for Y-glutamy!
transferase (yGT), alkaline phosphatase (ALP), alanine transaminase (ALT) and IgM). Multi-factori-
al analysis showed that ursodeoxycholic acid treatment, irrespective of dose, was significantly bet-
ter than placebo for all the variables. The 900 mg and 1200 mg doses were better than both 300 mg
and 600 mg using gamma-glutamyl transpeptidase and total bilirubin as variables, better than 300
mg using alkaline phosphatase and IgM as variables, and better than 600 mg using albumin as a
variable. No variables showed a significant difference between 900 and 1200 mg. The study con-
cluded that the optimum dose of ursodeoxycholic acid is 900 mg/day (equivalent to 13.5 mg/kg/
day). This trial is excluded due to the cross-over design and due to the fact that it did not provide
any data on the primary outcome variables.

Wirth 1994

This is a case series of 14 patients with PBC examined before and during ursodeoxycholic acid ad-
ministration.

Wirth 1995

This is a case series of 22 patients with PBC, who have their subtypes of antimitochondrial antibod-
ies examined and related to response to ursodeoxycholic acid administration.

Wolfhagen 1994

No randomisation, combination therapy with ursodeoxycholic acid and prednisone in seven pa-
tients.
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Study

Reason for exclusion

Yamazaki 1992

This is a study of a single PBC patient with eosinophilic infiltration.

Yamazaki 1996

This is a case series of 38 PBC patients, of which 55 per cent exhibited eosinophilia. The eosinophil-
ia was reduced during ursodeoxycholic acid treatment.

Yokomori 1996

This is a study of a single patient with PBC and pruritus responding to treatment with ursodeoxy-

cholic acid and cholestyramine.

PBC = primary biliary cirrhosis.

DATA AND ANALYSES

Comparison 1. UDCA versus placebo or no intervention

Outcome or subgroup title No. of No. of Statistical method Effect size

studies partici-

pants

1 All-cause mortality 14 1391 Risk Ratio (M-H, Fixed, 95% CI) 0.97[0.67, 1.42]
2 All-cause mortality strati- 14 1391 Risk Ratio (M-H, Fixed, 95% CI) 0.97[0.67, 1.42]
fied after risk of bias
2.1 Low risk of bias 4 682 Risk Ratio (M-H, Fixed, 95% CI) 0.93[0.51, 1.72]
2.2 High risk of bias 10 709 Risk Ratio (M-H, Fixed, 95% Cl) 1.00[0.63, 1.60]
3 All-cause mortality strati- 14 1391 Risk Ratio (M-H, Fixed, 95% Cl) 0.97[0.67, 1.42]
fied after risk of bias includ-
ing industry involvement
3.1 Low risk of bias 1 180 Risk Ratio (M-H, Fixed, 95% CI) 0.58[0.18, 1.93]
3.2 High risk of bias 13 1211 Risk Ratio (M-H, Fixed, 95% CI) 1.04[0.70, 1.54]
4 All-cause mortality strati- 14 1391 Risk Ratio (M-H, Fixed, 95% Cl) 0.97[0.67, 1.42]
fied after trial duration
4.1 Long duration (=2 years) 9 1200 Risk Ratio (M-H, Fixed, 95% Cl) 0.95[0.65, 1.39]
4.2 Short duration (<2 5 191 Risk Ratio (M-H, Fixed, 95% CI) 3.3[0.15,72.08]
years)
5 All-cause mortality strat- 14 1391 Risk Ratio (M-H, Fixed, 95% CI) 0.97[0.67, 1.42]
ified after dose of ur-
sodeoxycholic acid
5.1 UDCA dose (7.7-10 mg/ 4 268 Risk Ratio (M-H, Fixed, 95% CI) 0.31[0.01, 7.49]
kg/day)
5.2 UDCA dose (10-15 mg/ 10 1123 Risk Ratio (M-H, Fixed, 95% Cl) 1.00[0.68, 1.45]

kg/day)

Ursodeoxycholic acid for primary biliary cirrhosis (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

61



- Coch rane Trusted evidence.
= L-b Informed decisions.
1 Ibra ry Better health. Cochrane Database of Systematic Reviews
Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
6 All-cause mortality or liver 15 1419 Risk Ratio (M-H, Fixed, 95% CI) 0.96[0.74, 1.25]
transplantation
7 All-cause mortality or liv- 15 1419 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.74, 1.25]
er transplantation stratified
after risk of bias
7.1 Low risk of bias 4 682 Risk Ratio (M-H, Fixed, 95% Cl) 0.84[0.55, 1.28]
7.2 High risk of bias 11 737 Risk Ratio (M-H, Fixed, 95% Cl) 1.06 [0.75, 1.49]
8 All-cause mortality or liv- 15 1419 Risk Ratio (M-H, Fixed, 95% CI) 0.96[0.74, 1.25]
er transplantation stratified
after risk of bias including
industry involvement
8.1 Low risk of bias 1 180 Risk Ratio (M-H, Fixed, 95% CI) 0.60[0.25, 1.45]
8.2 High risk of bias 14 1239 Risk Ratio (M-H, Fixed, 95% Cl) 1.01[0.77, 1.34]
9 All-cause mortality or liv- 15 1419 Risk Ratio (M-H, Fixed, 95% Cl) 0.96[0.74, 1.25]
er transplantation stratified
after trial duration
9.1 Long duration (=2 years) 9 1200 Risk Ratio (M-H, Fixed, 95% Cl) 0.91[0.69, 1.19]
9.2 Short duration (<2 6 219 Risk Ratio (M-H, Fixed, 95% CI) 2.67[0.70,10.16]
years)
10 All-cause mortality or liv- 15 1419 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.74, 1.25]
er transplantation stratified
after dose of ursodeoxy-
cholic acid
10.1 UDCA dose (7.7-10 mg/ 4 268 Risk Ratio (M-H, Fixed, 95% Cl) 0.47[0.09, 2.45]
kg/day)
10.2 UDCA dose (10-15mg/ 11 1151 Risk Ratio (M-H, Fixed, 95% CI) 0.98[0.75, 1.28]
kg/day)
11 Serious adverse events 14 1382 Risk Ratio (M-H, Fixed, 95% CI) 0.87[0.68, 1.12]
12 Non-serious adverse 12 1277 Risk Ratio (M-H, Fixed, 95% CI) 1.46 [0.83, 2.56]
events
13 Liver transplantation 14 1391 Risk Ratio (M-H, Fixed, 95% Cl) 0.89[0.59, 1.36]
14 Pruritus 6 630 Risk Ratio (M-H, Fixed, 95% Cl) 0.96[0.84, 1.09]
15 Pruitus score 3 314 Std. Mean Difference (1V, Fixed, 95% Cl) -0.10[-0.33,0.12]
16 Fatigue 4 506 Risk Ratio (M-H, Fixed, 95% Cl) 0.90[0.81, 1.00]
17 Jaundice 2 198 Risk Ratio (M-H, Random, 95% Cl) 0.56 [0.06, 4.95]
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Outcome or subgroup title No. of No. of Statistical method Effect size

studies partici-

pants

18 Portal pressure 1 28 Mean Difference (IV, Fixed, 95% Cl) 0.60[-2.78, 3.98]
19 Development of varices 3 341 Risk Ratio (M-H, Fixed, 95% CI) 1.16 [0.64,2.09]
20 Variceal bleeding 7 767 Risk Ratio (M-H, Fixed, 95% Cl) 1.05[0.52,2.15]
21 Ascites 5 547 Risk Ratio (M-H, Fixed, 95% Cl) 0.55[0.24, 1.26]
22 Hepatic encephalopathy 2 212 Risk Ratio (M-H, Fixed, 95% CI) 0.47[0.04, 5.09]
23 Variceal bleeding, as- 3 257 Risk Ratio (M-H, Fixed, 95% CI) 1.35[0.91,2.01]
cites, and/or encephalopa-
thy
24 Serum bilirubin (umol/l) 9 881 Mean Difference (IV, Fixed, 95% Cl) -8.69 [-13.90, -3.48]
25 Serum alkaline phos- 9 754 Mean Difference (IV, Fixed, 95% Cl) -257.09 [-306.25,
phatases (1U/l) -207.92]
26 Serum gamma-glutamyl- 5 426 Mean Difference (IV, Fixed, 95% Cl) -277.57 [-337.84,
transferase (U/L) -217.30]
27 Serum aspartate amino- 8 782 Mean Difference (IV, Fixed, 95% Cl) -35.59 [-42.88, -28.30]
transferase (1U/1)
28 Serum alanine amino- 8 712 Mean Difference (IV, Fixed, 95% Cl) -34.68 [-43.04, -26.33]
transferase (1U/1)
29 Serum albumin (g/l) 4 457 Mean Difference (IV, Fixed, 95% Cl) 0.34[-0.45,1.13]
30 Total cholesterol (mmol/ 9 712 Mean Difference (IV, Fixed, 95% Cl) -0.78 [-1.04,-0.52]
)
31 Plasma immunoglobulin 7 704 Mean Difference (IV, Fixed, 95% Cl) -1.33[-1.81,-0.86]
M (g/l)
32 Prothrombin index 2 308 Mean Difference (IV, Fixed, 95% Cl) 2.05[-0.62,4.71]
33 Liver biopsy findings - di- 8 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
chotomous variables
33.1 Worsening of histologi- 7 551 Risk Ratio (M-H, Random, 95% Cl) 0.62[0.44,0.88]
cal stage
33.2 Worsening of fibrosis 1 139 Risk Ratio (M-H, Random, 95% Cl) 0.88[0.57, 1.38]
33.3 Florid duct lesion 1 115 Risk Ratio (M-H, Random, 95% Cl) 0.84[0.40, 1.76]
34 Liver biopsy findings - 1 Mean Difference (IV, Fixed, 95% Cl) Subtotals only
continuous variables
34.1 Histological stage 1 84 Mean Difference (IV, Fixed, 95% Cl) -0.54[-0.91,-0.17]
34.2 Portal inflammation 1 84 Mean Difference (IV, Fixed, 95% Cl) -0.23[-0.61,0.15]
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Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants

34.3 Piecemeal necrosis 1 84 Mean Difference (IV, Fixed, 95% Cl) -0.56 [-0.98, -0.14]
34.4 Lobular necrosis 1 84 Mean Difference (IV, Fixed, 95% Cl) -0.30[-0.66, 0.06]
34.5 Ductular proliferation 1 489 Mean Difference (IV, Fixed, 95% Cl) -0.23[-0.46,-0.00]
34.6 Cholestasis 1 84 Mean Difference (IV, Fixed, 95% Cl) -0.08 [-0.28,0.12]
35 Liver biopsy findings - 1 Mean Difference (IV, Fixed, 95% Cl) Subtotals only
continuous variables
35.1 Bile duct/portal tract 1 84 Mean Difference (IV, Fixed, 95% Cl) 0.23[0.10, 0.36]

Analysis 1.1. Comparison 1 UDCA versus placebo or no intervention, Outcome 1 All-cause mortality.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Battezzati 1993 0/44 0/44 Not estimable
Combes 1995 477 3/74 — T 6.45% 1.28[0.3,5.53]
Eriksson 1997 0/60 1/56 3.27% 0.31[0.01,7.49]
Heathcote 1994 5/111 9/111 — 18.96% 0.56[0.19,1.61]
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 0/10 Not estimable
Lindor 1994 4/89 7/91 —T 14.58% 0.58[0.18,1.93]
Oka 1990 0/26 0/26 Not estimable
Papatheodoridis 2002 17/43 14/43 —— 29.5% 1.21[0.69,2.14]
Pares 2000 10/99 4/93 T 8.69% 2.35[0.76,7.23]
Poupon 1991 3/73 3/73 I — 6.32% 1[0.21,4.79]
Senior 1991 1/9 0/10 1% 3.3[0.15,72.08]
Turner 1994 1/22 3/24 — T 6.05% 0.36[0.04,3.24]
Vuoristo 1995 0/30 2/31 5.18% 0.21[0.01,4.13]
Total (95% CI) 699 692 < 100% 0.97[0.67,1.42]
Total events: 45 (UDCA), 46 (Control)
Heterogeneity: Tau?=0; Chi*=7.75, df=9(P=0.56); 1>=0%
Test for overall effect: Z=0.14(P=0.89) ‘ ‘ ‘ ‘

Favours UDCA  0.01 0.1 1 10 100 Favours control

Analysis 1.2. Comparison 1 UDCA versus placebo or no intervention,
Outcome 2 All-cause mortality stratified after risk of bias.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 Low risk of bias
Battezzati 1993 0/44 0/44 Not estimable
UDCA 6.01 011 1 1‘0 100‘ Control
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Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Heathcote 1994 5/111 9/111 — 18.96% 0.56[0.19,1.61]
Lindor 1994 4/89 7/91 —T 14.58% 0.58[0.18,1.93]
Pares 2000 10/99 4/93 T 8.69% 2.35[0.76,7.23]
Subtotal (95% Cl) 343 339 . 4 42.24% 0.93[0.51,1.72]
Total events: 19 (UDCA), 20 (Control)
Heterogeneity: Tau?=0; Chi*=4.1, df=2(P=0.13); 1>=51.19%
Test for overall effect: Z=0.22(P=0.83)
1.2.2 High risk of bias
Combes 1995 477 3/74 — T 6.45% 1.28[0.3,5.53]
Eriksson 1997 0/60 1/56 3.27% 0.31[0.01,7.49]
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 0/10 Not estimable
Oka 1990 0/26 0/26 Not estimable
Papatheodoridis 2002 17/43 14/43 —— 29.5% 1.21[0.69,2.14]
Poupon 1991 3/73 3/73 I — 6.32% 1[0.21,4.79]
Senior 1991 1/9 0/10 1% 3.3[0.15,72.08]
Turner 1994 1/22 3/24 — T 6.05% 0.36[0.04,3.24]
Vuoristo 1995 0/30 2/31 5.18% 0.21[0.01,4.13]
Subtotal (95% Cl) 356 353 . 4 57.76% 1[0.63,1.6]
Total events: 26 (UDCA), 26 (Control)
Heterogeneity: Tau?=0; Chi*=3.53, df=6(P=0.74); 1>=0%
Test for overall effect: Z=0.02(P=0.99)
Total (95% CI) 699 692 < 100% 0.97[0.67,1.42]
Total events: 45 (UDCA), 46 (Control)
Heterogeneity: Tau?=0; Chi*=7.75, df=9(P=0.56); 1>=0%
Test for overall effect: Z=0.14(P=0.89)
Test for subgroup differences: Chi*=0.03, df=1 (P=0.85), 1>=0%
UDCA 6.01 Oil 1 1‘0 10(; Control
Analysis 1.3. Comparison 1 UDCA versus placebo or no intervention, Outcome
3 All-cause mortality stratified after risk of bias including industry involvement.
Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.3.1 Low risk of bias
Lindor 1994 4/89 7/91 — 14.58% 0.58[0.18,1.93]
Subtotal (95% CI) 89 91 . . 14.58% 0.58[0.18,1.93]
Total events: 4 (UDCA), 7 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.88(P=0.38)
1.3.2 Highrisk of bias
Battezzati 1993 0/44 0/44 Not estimable
Combes 1995 477 3/74 — T 6.45% 1.28[0.3,5.53]
Eriksson 1997 0/60 1/56 e e E— 3.27% 0.31[0.01,7.49]
Heathcote 1994 5/111 9/111 — 18.96% 0.56[0.19,1.61]
Hwang 1993 0/6 0/6 Not estimable
Favours UDCA  0.001 0.1 1 10 1000 Favours control

Ursodeoxycholic acid for primary biliary cirrhosis (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

65



= § Cochrane
é) Library

Trusted evidence.
Informed decisions.

Better health. Cochrane Database of Systematic Reviews
Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Leuschner 1989 0/10 0/10 Not estimable
Oka 1990 0/26 0/26 Not estimable
Papatheodoridis 2002 17/43 14/43 - 29.5% 1.21[0.69,2.14]
Pares 2000 10/99 4/93 T 8.69% 2.35[0.76,7.23]
Poupon 1991 3/73 3/73 e 6.32% 1[0.21,4.79]
Senior 1991 1/9 0/10 B 1% 3.3[0.15,72.08]
Turner 1994 1/22 3/24 — 6.05% 0.36[0.04,3.24]
Vuoristo 1995 0/30 2/31 S S—— 5.18% 0.21[0.01,4.13]
Subtotal (95% Cl) 610 601 L 2 85.42% 1.04[0.7,1.54]
Total events: 41 (UDCA), 39 (Control)
Heterogeneity: Tau?=0; Chi*=6.82, df=8(P=0.56); 1>=0%
Test for overall effect: Z=0.2(P=0.84)
Total (95% CI) 699 692 L 2 100% 0.97[0.67,1.42]
Total events: 45 (UDCA), 46 (Control)
Heterogeneity: Tau?=0; Chi*=7.75, df=9(P=0.56); 1>=0%
Test for overall effect: Z=0.14(P=0.89)
Test for subgroup differences: Chi*=0.81, df=1 (P=0.37), I>=0% ‘ ‘ ‘ ‘
Favours UDCA ~ 0.001 0.1 1 10 1000 Favours control
Analysis 1.4. Comparison 1 UDCA versus placebo or no intervention,
Outcome 4 All-cause mortality stratified after trial duration.
Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.4.1 Long duration (22 years)
Combes 1995 477 3/74 — T 6.45% 1.28[0.3,5.53]
Eriksson 1997 0/60 1/56 e e E— 3.27% 0.31[0.01,7.49]
Heathcote 1994 5/111 9/111 — 18.96% 0.56[0.19,1.61]
Lindor 1994 4/89 7/91 — 14.58% 0.58[0.18,1.93]
Papatheodoridis 2002 17/43 14/43 - 29.5% 1.21[0.69,2.14]
Pares 2000 10/99 4/93 T 8.69% 2.35[0.76,7.23]
Poupon 1991 3/73 3/73 —t— 6.32% 1[0.21,4.79]
Turner 1994 1/22 3/24 — 6.05% 0.36[0.04,3.24]
Vuoristo 1995 0/30 2/31 —— 5.18% 0.21[0.01,4.13]
Subtotal (95% Cl) 604 596 L 2 99% 0.95[0.65,1.39]
Total events: 44 (UDCA), 46 (Control)
Heterogeneity: Tau?=0; Chi?*=7.2, df=8(P=0.52); 1>=0%
Test for overall effect: Z=0.26(P=0.79)
1.4.2 Short duration (<2 years)
Battezzati 1993 0/44 0/44 Not estimable
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 0/10 Not estimable
Oka 1990 0/26 0/26 Not estimable
Senior 1991 1/9 0/10 —_—T 1% 3.3[0.15,72.08]
Subtotal (95% ClI) 95 96 ——e 1% 3.3[0.15,72.08]
Total events: 1 (UDCA), 0 (Control)
Heterogeneity: Not applicable
Favours UDCA  0.001 0.1 1 10 1000 Favours control
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Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Test for overall effect: Z=0.76(P=0.45)

|

|
Total (95% CI) 699 692 * 100% 0.97[0.67,1.42]
Total events: 45 (UDCA), 46 (Control) ‘
Heterogeneity: Tau?=0; Chi*=7.75, df=9(P=0.56); 1>=0% ‘
Test for overall effect: Z=0.14(P=0.89) ‘
Test for subgroup differences: Chi*=0.62, df=1 (P=0.43), 1>=0% ‘ ‘ ‘ ‘ ‘

Favours UDCA  0.001 0.1 1 10 1000 Favours control

Analysis 1.5. Comparison 1 UDCA versus placebo or no intervention,
Outcome 5 All-cause mortality stratified after dose of ursodeoxycholic acid.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.5.1 UDCA dose (7.7-10 mg/kg/day)

Battezzati 1993 0/44 0/44 Not estimable
Eriksson 1997 0/60 1/56 e e E— 3.27% 0.31[0.01,7.49]
Hwang 1993 0/6 0/6 Not estimable
Oka 1990 0/26 0/26 Not estimable
Subtotal (95% ClI) 136 132 —— 3.27% 0.31[0.01,7.49]

Total events: 0 (UDCA), 1 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.72(P=0.47)

1.5.2 UDCA dose (10-15 mg/kg/day)

Combes 1995 477 3/74 — T 6.45% 1.28[0.3,5.53]
Heathcote 1994 5/111 9/111 — 18.96% 0.56[0.19,1.61]
Leuschner 1989 0/10 0/10 Not estimable
Lindor 1994 4/89 7/91 — 14.58% 0.58[0.18,1.93]
Papatheodoridis 2002 17/43 14/43 - 29.5% 1.21[0.69,2.14]
Pares 2000 10/99 4/93 T 8.69% 2.35[0.76,7.23]
Poupon 1991 3/73 3/73 —t— 6.32% 1[0.21,4.79]
Senior 1991 1/9 0/10 —_—T 1% 3.3[0.15,72.08]
Turner 1994 1/22 3/24 — 6.05% 0.36[0.04,3.24]
Vuoristo 1995 0/30 2/31 —— 5.18% 0.21[0.01,4.13]
Subtotal (95% Cl) 563 560 2 2 96.73% 1[0.68,1.45]

Total events: 45 (UDCA), 45 (Control)
Heterogeneity: Tau?=0; Chi?*=7.2, df=8(P=0.52); 1>=0%
Test for overall effect: Z=0.02(P=0.99)

Total (95% Cl) 699 692 ¢ 100% 0.97[0.67,1.42]
Total events: 45 (UDCA), 46 (Control)

Heterogeneity: Tau?=0; Chi*=7.75, df=9(P=0.56); 1>=0%

Test for overall effect: Z=0.14(P=0.89)

Test for subgroup differences: Chi*=0.51, df=1 (P=0.48), 1>=0%

Favours UDCA  0.001 0.1 1 10 1000 Favours control
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Analysis 1.6. Comparison 1 UDCA versus placebo or no intervention,
Outcome 6 All-cause mortality or liver transplantation.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Battezzati 1993 0/44 0/44 Not estimable
Combes 1995 12/77 11/74 [ a— 12.43% 1.05[0.49,2.23]
Eriksson 1997 2/60 4/56 4.58% 0.47[0.09,2.45]
Goddard 1994 4/14 2/14 — Tt 2.22% 2[0.43,9.21]
Heathcote 1994 12/111 19/111 — 21.05% 0.63[0.32,1.24]
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 0/10 Not estimable
Lindor 1994 7/89 12/91 — 13.14% 0.6[0.25,1.45]
Oka 1990 0/26 0/26 Not estimable
Papatheodoridis 2002 23/43 17/43 T 18.83% 1.35[0.85,2.15]
Pares 2000 17/99 11/93 T 12.56% 1.45[0.72,2.93]
Poupon 1991 4/73 4/73 4.43% 1[0.26,3.85]
Senior 1991 2/9 0/10 ; 0.53% 5.5[0.3,101.28]
Turner 1994 3/22 4/24 — 4.24% 0.82[0.21,3.25]
Vuoristo 1995 0/30 5/31 4 6% 0.09[0.01,1.63]
Total (95% CI) 713 706 <& 100% 0.96[0.74,1.25]
Total events: 86 (UDCA), 89 (Control)
Heterogeneity: Tau?=0; Chi*=11.7, df=10(P=0.31); 1>=14.56%
Test for overall effect: Z=0.32(P=0.75) ‘ ‘ ‘ ‘ ‘

Favours UDCA 0102 05 1 2 10 Favours control

Analysis 1.7. Comparison 1 UDCA versus placebo or no intervention, Outcome
7 All-cause mortality or liver transplantation stratified after risk of bias.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.7.1 Low risk of bias
Battezzati 1993 0/44 0/44 Not estimable
Heathcote 1994 12/111 19/111 — 21.05% 0.63[0.32,1.24]
Lindor 1994 7/89 12/91 —T 13.14% 0.6[0.25,1.45]
Pares 2000 17/99 11/93 T+ 12.56% 1.45[0.72,2.93]
Subtotal (95% CI) 343 339 <o 46.75% 0.84[0.55,1.28]
Total events: 36 (UDCA), 42 (Control)
Heterogeneity: Tau?=0; Chi*=3.59, df=2(P=0.17); 1?=44.24%
Test for overall effect: Z=0.81(P=0.42)
1.7.2 High risk of bias
Combes 1995 12/77 11/74 —_—t 12.43% 1.05[0.49,2.23]
Eriksson 1997 2/60 4/56 e 4.58% 0.47[0.09,2.45]
Goddard 1994 4/14 2/14 S 2.22% 2[0.43,9.21]
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 0/10 Not estimable
Oka 1990 0/26 0/26 Not estimable
Papatheodoridis 2002 23/43 17/43 T 18.83% 1.35[0.85,2.15]
Poupon 1991 4/73 4/73 e E— 4.43% 1[0.26,3.85]
Senior 1991 2/9 0/10 > 0.53% 5.5[0.3,101.28]

UDCA 005 02 1 5 20 Control
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Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Turner 1994 3/22 4/24 —H 4.24% 0.82[0.21,3.25]
Vuoristo 1995 0/30 5/31 4 + 6% 0.09[0.01,1.63]
Subtotal (95% CI) 370 367 L 4 53.25% 1.06[0.75,1.49]
Total events: 50 (UDCA), 47 (Control)
Heterogeneity: Tau?=0; Chi*=6.82, df=7(P=0.45); 1>=0%
Test for overall effect: Z=0.33(P=0.74)
Total (95% Cl) 713 706 < 100% 0.96[0.74,1.25]
Total events: 86 (UDCA), 89 (Control)
Heterogeneity: Tau?=0; Chi*=11.7, df=10(P=0.31); 1>=14.56%
Test for overall effect: Z=0.32(P=0.75)
Test for subgroup differences: Chi*=0.7, df=1 (P=0.4), 1>=0%
UDCA 005 02 1 5 20 Control

Analysis 1.8. Comparison 1 UDCA versus placebo or no intervention, Outcome 8 All-cause
mortality or liver transplantation stratified after risk of bias including industry involvement.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.8.1 Low risk of bias
Lindor 1994 7/89 12/91 —_— T 13.14% 0.6[0.25,1.45]
Subtotal (95% CI) 89 91 —~l— 13.14% 0.6[0.25,1.45]
Total events: 7 (UDCA), 12 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.14(P=0.25)
1.8.2 Highrisk of bias
Battezzati 1993 0/44 0/44 Not estimable
Combes 1995 12/77 11/74 e — 12.43% 1.05[0.49,2.23]
Eriksson 1997 2/60 4/56 + 4.58% 0.47[0.09,2.45]
Goddard 1994 4/14 2/14 + 2.22% 2[0.43,9.21]
Heathcote 1994 12/111 19/111 — 21.05% 0.63[0.32,1.24]
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 0/10 Not estimable
Oka 1990 0/26 0/26 Not estimable
Papatheodoridis 2002 23/43 17/43 T 18.83% 1.35[0.85,2.15]
Pares 2000 17/99 11/93 s a— 12.56% 1.45[0.72,2.93]
Poupon 1991 4/73 4/73 4.43% 1[0.26,3.85]
Senior 1991 2/9 0/10 + > 0.53% 5.5[0.3,101.28]
Turner 1994 3/22 4/24 —+ 4.24% 0.82[0.21,3.25]
Vuoristo 1995 0/30 5/31 < 6% 0.09[0.01,1.63]
Subtotal (95% CI) 624 615 <o 86.86% 1.01[0.77,1.34]
Total events: 79 (UDCA), 77 (Control)
Heterogeneity: Tau?=0; Chi*=10.07, df=9(P=0.34); 1>=10.62%
Test for overall effect: Z=0.09(P=0.93)
Total (95% CI) 713 706 <o 100% 0.96[0.74,1.25]
Total events: 86 (UDCA), 89 (Control)
Heterogeneity: Tau?=0; Chi*=11.7, df=10(P=0.31); 1>=14.56%

Favours UDCA 0.1 02 05 1 2 5 10 Favours control
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Study or subgroup UDCA
n/N

Control
n/N

Risk Ratio
M-H, Fixed, 95% CI

Weight

Risk Ratio
M-H, Fixed, 95% CI

Test for overall effect: Z=0.32(P=0.75)

Test for subgroup differences: Chi?=1.25, df=1 (P=0.26), 1>=20.09%

Analysis 1.9. Comparison 1 UDCA versus placebo or no intervention, Outcome

Favours UDCA

I
0.1 0.

.2

0.5 1 2

10

Favours control

9 All-cause mortality or liver transplantation stratified after trial duration.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.9.1 Long duration (22 years)
Combes 1995 12/77 11/74 — 12.43% 1.05[0.49,2.23]
Eriksson 1997 2/60 4/56 e 4.58% 0.47[0.09,2.45]
Heathcote 1994 12/111 19/111 — 21.05% 0.63[0.32,1.24]
Lindor 1994 7/89 12/91 —T 13.14% 0.6[0.25,1.45]
Papatheodoridis 2002 23/43 17/43 e 18.83% 1.35[0.85,2.15]
Pares 2000 17/99 11/93 T+ 12.56% 1.45[0.72,2.93]
Poupon 1991 4/73 4/73 e — 4.43% 1[0.26,3.85]
Turner 1994 3/22 4/24 —t— 4.24% 0.82[0.21,3.25]
Vuoristo 1995 0/30 5/31 < + 6% 0.09[0.01,1.63]
Subtotal (95% CI) 604 596 < 97.26% 0.91[0.69,1.19]
Total events: 80 (UDCA), 87 (Control)
Heterogeneity: Tau?=0; Chi*=9.76, df=8(P=0.28); 1°=18.02%
Test for overall effect: Z=0.68(P=0.49)
1.9.2 Short duration (<2 years)
Battezzati 1993 0/44 0/44 Not estimable
Goddard 1994 4/14 2/14 e e — 2.22% 2[0.43,9.21]
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 0/10 Not estimable
Oka 1990 0/26 0/26 Not estimable
Senior 1991 2/9 0/10 + > 0.53% 5.5[0.3,101.28]
Subtotal (95% Cl) 109 110 —~all— 2.74% 2.67[0.7,10.16]
Total events: 6 (UDCA), 2 (Control)
Heterogeneity: Tau?=0; Chi*=0.37, df=1(P=0.54); 1>=0%
Test for overall effect: Z=1.44(P=0.15)
Total (95% CI) 713 706 L 2 100% 0.96[0.74,1.25]
Total events: 86 (UDCA), 89 (Control)
Heterogeneity: Tau?=0; Chi*=11.7, df=10(P=0.31); 1>=14.56%
Test for overall effect: Z=0.32(P=0.75)
Test for subgroup differences: Chi*=2.4, df=1 (P=0.12), 1>=58.37%

0.01 0.1 1 10 100 Favours control

Favours UDCA
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Analysis 1.10. Comparison 1 UDCA versus placebo or no intervention, Outcome 10 All-
cause mortality or liver transplantation stratified after dose of ursodeoxycholic acid.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.10.1 UDCA dose (7.7-10 mg/kg/day)
Battezzati 1993 0/44 0/44 Not estimable
Eriksson 1997 2/60 4/56 —t 4.58% 0.47[0.09,2.45]
Hwang 1993 0/6 0/6 Not estimable
Oka 1990 0/26 0/26 Not estimable
Subtotal (95% CI) 136 132 —~l— 4.58% 0.47[0.09,2.45]
Total events: 2 (UDCA), 4 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.9(P=0.37)
1.10.2 UDCA dose (10-15 mg/kg/day)
Combes 1995 12/77 11/74 — 12.43% 1.05[0.49,2.23]
Goddard 1994 4/14 2/14 e 2.22% 2[0.43,9.21]
Heathcote 1994 12/111 19/111 — 21.05% 0.63[0.32,1.24]
Leuschner 1989 0/10 0/10 Not estimable
Lindor 1994 7/89 12/91 — T 13.14% 0.6[0.25,1.45]
Papatheodoridis 2002 23/43 17/43 T 18.83% 1.35[0.85,2.15]
Pares 2000 17/99 11/93 T 12.56% 1.45[0.72,2.93]
Poupon 1991 4/73 4/73 — 4.43% 1[0.26,3.85]
Senior 1991 2/9 0/10  E — 0.53% 5.5[0.3,101.28]
Turner 1994 3/22 4/24 —t— 4.24% 0.82[0.21,3.25]
Vuoristo 1995 0/30 531 ————————+— 6% 0.09[0.01,1.63]
Subtotal (95% Cl) 577 574 ¢ 95.42% 0.98[0.75,1.28]
Total events: 84 (UDCA), 85 (Control)
Heterogeneity: Tau?=0; Chi*=10.78, df=9(P=0.29); 1>=16.48%
Test for overall effect: Z=0.14(P=0.89)
Total (95% CI) 713 706 ¢ 100% 0.96[0.74,1.25]
Total events: 86 (UDCA), 89 (Control)
Heterogeneity: Tau?=0; Chi*=11.7, df=10(P=0.31); 1>=14.56%
Test for overall effect: Z=0.32(P=0.75)
Test for subgroup differences: Chi*=0.75, df=1 (P=0.39), 1>=0% ‘ ‘ ‘ ‘

Favours UDCA ~ 0.005 0.1 1 10 200 Favours control

Analysis 1.11. Comparison 1 UDCA versus placebo or no intervention, Outcome 11 Serious adverse events.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Battezzati 1993 1/44 0/44 * } 0.46% 3[0.13,71.7]
Combes 1995 12/77 11/74 —t 10.32% 1.05[0.49,2.23]
Eriksson 1997 4/60 4/56 e m— 3.81% 0.93[0.25,3.55]
Heathcote 1994 14/111 21/111 — 19.32% 0.67[0.36,1.24]
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 0/8 Not estimable
Lindor 1994 7/89 12/91 — 10.92% 0.6[0.25,1.45]
Oka 1990 1/22 1/23 0.9% 1.05[0.07,15.7]
Papatheodoridis 2002 23/43 17/43 s 15.64% 1.35[0.85,2.15]
Favours UDCA 002 0.1 1 1o 50 Favours control
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Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Pares 2000 17/99 11/93 -+ 10.43% 1.45[0.72,2.93]
Poupon 1991 10/73 18/73 — 16.56% 0.56[0.28,1.12]
Senior 1991 2/9 0/10 - } 0.44% 5.5[0.3,101.28]
Turner 1994 3/22 4/24 —— 3.52% 0.82[0.21,3.25]
Vuoristo 1995 0/30 8/31 ‘—‘7 7.69% 0.06[0,1.01]
Total (95% CI) 695 687 L 2 100% 0.87[0.68,1.12]
Total events: 94 (UDCA), 107 (Control)
Heterogeneity: Tau?=0; Chi*=14.3, df=11(P=0.22); 1>=23.1%
Test for overall effect: Z=1.07(P=0.28) ‘ ‘ ‘ ‘

Favours UDCA ~ 0.02 0.1 1 10 50 Favours control

Analysis 1.12. Comparison 1 UDCA versus placebo or no intervention, Outcome 12 Non-serious adverse events.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Battezzati 1993 3/44 1/44 _— 5.24% 3[0.32,27.74]
Combes 1995 1/77 1/74 5.34% 0.96[0.06,15.08]
Eriksson 1997 3/60 0/56 + 2.71% 6.54[0.35,123.87]
Heathcote 1994 4/111 6/111 —— 31.44% 0.67[0.19,2.3]
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 0/8 Not estimable
Lindor 1994 0/89 0/91 Not estimable
Oka 1990 3/22 0/23 B e— 2.56% 7.3[0.4,133.75]
Pares 2000 9/99 6/93 —— 32.42% 1.41[0.52,3.81]
Poupon 1991 1/73 1/73 5.24% 1[0.06,15.69]
Turner 1994 3/22 3/24 s a— 15.04% 1.09[0.25,4.85]
Vuoristo 1995 0/30 0/31 Not estimable
Total (95% CI) 643 634 R 2 100% 1.46[0.83,2.56]
Total events: 27 (UDCA), 18 (Control)
Heterogeneity: Tau?=0; Chi*=4.43, df=7(P=0.73); 1>=0%
Test for overall effect: Z=1.3(P=0.19)

Favours UDCA  0.005 0.1 1 10 200 Favours control

Analysis 1.13. Comparison 1 UDCA versus placebo or no intervention, Outcome 13 Liver transplantation.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Battezzati 1993 0/44 0/44 Not estimable
Combes 1995 8/77 8/74 — 19.29% 0.96[0.38,2.43]
Eriksson 1997 2/60 3/56 —_— 7.34% 0.62[0.11,3.59]
Heathcote 1994 7/111 10/111 —a— 23.64% 0.7[0.28,1.77]
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 0/10 Not estimable
Lindor 1994 3/89 5/91 — 11.69% 0.61[0.15,2.49]
Oka 1990 0/26 0/26 Not estimable
UDCA ‘0.005 011 1 1‘0 20(; Control
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Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Papatheodoridis 2002 6/43 3/43 —T— 7.09% 2(0.53,7.49]
Pares 2000 7/99 7/93 — 17.06% 0.94[0.34,2.58]
Poupon 1991 1/73 1/73 —_—t 2.36% 1[0.06,15.69]
Senior 1991 1/9 0/10 A — 1.13% 3.3[0.15,72.08]
Turner 1994 2/22 1/24 R 2.26% 2.18[0.21,22.42]
Vuoristo 1995 0/30 3/31 — 8.14% 0.15[0.01,2.74]
Total (95% CI) 699 692 L 4 100% 0.89[0.59,1.36]
Total events: 37 (UDCA), 41 (Control)
Heterogeneity: Tau?=0; Chi*=4.89, df=9(P=0.84); 1>=0%
Test for overall effect: Z=0.53(P=0.6) ‘ ‘ ‘

‘
UDCA 0005 0.1 1 10 200 Control

Analysis 1.14. Comparison 1 UDCA versus placebo or no intervention, Outcome 14 Pruritus.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Heathcote 1994 72/111 72/111 i 42.24% 1[0.82,1.21]
Leuschner 1989 1/10 1/10 0.59% 1[0.07,13.87]
Lindor 1994 53/71 47/58 b 30.35% 0.92[0.77,1.11]
Oka 1990 5/26 5/26 [ m— 2.93% 1[0.33,3.05]
Poupon 1991 22/73 25/73 — 14.66% 0.88[0.55,1.41]
Vuoristo 1995 15/30 16/31 — 9.23% 0.97[0.59,1.59]
Total (95% CI) 321 309 ¢ 100% 0.96[0.84,1.09]
Total events: 168 (UDCA), 166 (Control)
Heterogeneity: Tau?=0; Chi*=0.49, df=5(P=0.99); 1>=0%
Test for overall effect: Z=0.67(P=0.51)

UDCA 0.01 0.1 1 10 100 Control

Analysis 1.15. Comparison 1 UDCA versus placebo or no intervention, Outcome 15 Pruitus score.

Study or subgroup UDCA Control Std. Mean Difference Weight Std. Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Battezzati 1993 44 1.4(1.3) 44 1.3(1.3) —— 28.14% 0.08[-0.34,0.49]
Pares 2000 99 1.5(0.9) 93 1.7(0.9) —— 61% -0.22[-0.51,0.06]
Turner 1994 17 76.6 (25.9) 17 74.2 (26.4) + 10.87% 0.09[-0.58,0.76]
Total *** 160 154 e 100% -0.1[-0.33,0.12]
Heterogeneity: Tau?=0; Chi*=1.69, df=2(P=0.43); 1>=0%
Test for overall effect: Z=0.92(P=0.36)

ubca -1 0.5 0 0.5 1 Control
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Analysis 1.16. Comparison 1 UDCA versus placebo or no intervention, Outcome 16 Fatigue.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Heathcote 1994 82/87 81/83 i 45.98% 0.97[0.91,1.03]
Lindor 1994 48/71 41/58 —— 25.03% 0.96[0.76,1.2]
Poupon 1991 22/73 35/73 — 19.41% 0.63[0.41,0.96]
Vuoristo 1995 18/31 17/30 — 9.58% 1.02[0.66,1.58]
Total (95% CI) 262 244 ¢ 100% 0.9[0.81,1]
Total events: 170 (UDCA), 174 (Control)
Heterogeneity: Tau?=0; Chi*=7.82, df=3(P=0.05); 1’=61.62%
Test for overall effect: Z=1.89(P=0.06)

UDCA 6.1 012 015 1 ‘2 ; 1(; Control

Analysis 1.17. Comparison 1 UDCA versus placebo or no intervention, Outcome 17 Jaundice.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Oka 1990 1/26 0/26 B 30.41% 3[0.13,70.42]
Poupon 1991 4/73 15/73 B 69.59% 0.27[0.09,0.77]
Total (95% CI) 99 99 —al— 100% 0.56[0.06,4.95]
Total events: 5 (UDCA), 15 (Control)
Heterogeneity: Tau?=1.5; Chi*=2.04, df=1(P=0.15); 1*=50.98%
Test for overall effect: Z=0.53(P=0.6)

UDCA 6.001 Oil 1 1‘0 lOO(; Control

Analysis 1.18. Comparison 1 UDCA versus placebo or no intervention, Outcome 18 Portal pressure.

Study or subgroup UDCA Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Poupon 1991 14 10 (4.2) 14 9.4 (4.9) —.— 100% 0.6[-2.78,3.98]
Total *** 14 14 ¢ 100% 0.6[-2.78,3.98]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.35(P=0.73) ‘
UDCA -10 5 0 5 10 Control

Analysis 1.19. Comparison 1 UDCA versus placebo or no intervention, Outcome 19 Development of varices.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Combes 1995 6/77 3/74 —‘—0— 17.42% 1.92[0.5,7.4]
Lindor 1994 13/69 14/69 ‘.’ 79.73% 0.93[0.47,1.83]
Oka 1990 1/26 0/26 B 2.85% 3[0.13,70.42]
UDCA 6.001 011 1 1‘0 lOO(; Control
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Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Total (95% CI) 172 169 * 100% 1.16[0.64,2.09]
Total events: 20 (UDCA), 17 (Control) ‘

Heterogeneity: Tau?=0; Chi*=1.3, df=2(P=0.52); I>=0% ‘

Test for overall effect: Z=0.5(P=0.62) ‘

UDCA 6.001 011 1 1‘0 100(; Control

Analysis 1.20. Comparison 1 UDCA versus placebo or no intervention, Outcome 20 Variceal bleeding.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Eriksson 1997 1/60 0/56 — 3.66% 2.8[0.12,67.42]
Leuschner 1989 0/10 0/10 Not estimable
Lindor 1994 7/89 2/91 T 13.98% 3.58[0.76,16.76]
Oka 1990 1/26 1/26 7.07% 1[0.07,15.15]
Pares 2000 4/99 6/93 —— 43.75% 0.63[0.18,2.15]
Poupon 1991 1/73 2/73 — T 14.14% 0.5[0.05,5.39]
Vuoristo 1995 0/30 2/31 —_— T 17.4% 0.21[0.01,4.13]
Total (95% CI) 387 380 <o 100% 1.05[0.52,2.15]
Total events: 14 (UDCA), 13 (Control)
Heterogeneity: Tau?=0; Chi*=4.97, df=5(P=0.42); 1>=0%
Test for overall effect: Z=0.15(P=0.88)

UDCA 6.001 011 1 1‘0 100(; Control

Analysis 1.21. Comparison 1 UDCA versus placebo or no intervention, Outcome 21 Ascites.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Leuschner 1989 0/10 0/10 Not estimable
Lindor 1994 1/73 5/64 —a— 35.49% 0.18[0.02,1.46]
Oka 1990 1/26 0/26 _ 3.33% 3[0.13,70.42]
Pares 2000 5/99 6/93 —— 41.21% 0.78[0.25,2.48]
Poupon 1991 1/73 3/73 —_— 19.98% 0.33[0.04,3.13]
Total (95% CI) 281 266 L 3 100% 0.55[0.24,1.26]
Total events: 8 (UDCA), 14 (Control)
Heterogeneity: Tau?=0; Chi>=2.78, df=3(P=0.43); 1>=0%
Test for overall effect: Z=1.41(P=0.16)

UDCA 6.002 011 1 fo 500‘ Control
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Analysis 1.22. Comparison 1 UDCA versus placebo or no intervention, Outcome 22 Hepatic encephalopathy.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Leuschner 1989 0/10 0/10 Not estimable
Pares 2000 1/99 2/93 - B 100% 0.47(0.04,5.09]
Total (95% Cl) 109 103 —l— 100% 0.47[0.04,5.09]
Total events: 1 (UDCA), 2
Heterogeneity: Not applicable
Test for overall effect: Z=0.62(P=0.53)

UDCA 6.001 0‘1 1 1‘0 100(; Control

Analysis 1.23. Comparison 1 UDCA versus placebo or no intervention,
Outcome 23 Variceal bleeding, ascites, and/or encephalopathy.
Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Combes 1995 15/77 8/74 B 30.04% 1.8[0.81,4]
Leuschner 1989 0/10 0/10 Not estimable
Papatheodoridis 2002 22/43 19/43 —.— 69.96% 1.16[0.74,1.81]
Total (95% Cl) 130 127 A 100% 1.35[0.91,2.01]
Total events: 37 (UDCA), 27 (Control)
Heterogeneity: Tau?=0; Chi*=0.96, df=1(P=0.33); 1>=0%
Test for overall effect: Z=1.48(P=0.14)

UDCA 6.1 012 015 1 ‘2 23 l(; Control

Analysis 1.24. Comparison 1 UDCA versus placebo or no intervention, Outcome 24 Serum bilirubin (umol/l).

Study or subgroup UDCA Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Battezzati 1993 44 27.4(22.7) 44 33(31.8) — 20.39% -5.6[-17.14,5.94]
Heathcote 1994 106 33.2(41.1) 106 37.2(59.6) —— 14.31% -4[-17.78,9.78]
Hwang 1993 6 332(229) 6 788(648 4—=—— 0.9% -45.6[-100.59,9.39]
Lindor 1994 60 35.9 (33) 50 51.3 (41) —— 13.66% -15.4[-29.5,-1.3]
Papatheodoridis 2002 28 32.5(20.5) 28 33.2(32.5) —t 13.41% -0.7[-14.93,13.53]
Pares 2000 99 24 (34) 93 35.9(49.5) —— 18.6% -11.9[-23.99,0.19]
Poupon 1991 62 12.3(14.7) 54 17.9 (57) —+ 11.11% -5.6[-21.24,10.04]
Turner 1994 17 16.9 (10.3) 17 40.9 (46.6) s a— 5.28% -24[-46.69,-1.31]
Vuoristo 1995 30 27.4 (66.3) 31 38.8(69.6) —tT 2.34% -11.4[-45.5,22.7]
Total *** 452 429 ¢ 100% -8.69[-13.9,-3.48]
Heterogeneity: Tau?=0; Chi*=6.73, df=8(P=0.57); 1>=0%
Test for overall effect: Z=3.27(P=0)
UDCA "100 '5;0 0 5‘0 106 Control
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Analysis 1.25. Comparison 1 UDCA versus placebo or no
intervention, Outcome 25 Serum alkaline phosphatases (1U/l).

Study or subgroup UDCA Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Heathcote 1994 106 338 (413) 106 564 (390) —— 20.67% -226[-334.14,-117.86]
Hwang 1993 6 423 (122) 6 596 (370) e e — 2.49% -173[-484.73,138.73]
Leuschner 1989 10 -283(21) 8 150 (335)  a— 4.47% -433[-665.5,-200.5]
Lindor 1994 60 562 (375) 50 937 (500) — 8.57% -375[-542.96,-207.04]
Oka 1990 22 280 (360) 23 523 (457) I a— 4.2% -243[-482.82,-3.18]
Pares 2000 62 261 (191) 54 513 (263) — 33.66% -252[-336.74,-167.26]
Poupon 1991 73 633 (448) 73 827 (458) — 11.19% -194[-340.97,-47.03]
Turner 1994 17 305 (197) 17 541 (246) — 10.77% -236(-385.81,-86.19]
Vuoristo 1995 30 514 (481) 31 826 (501) s — 3.98% -312[-558.43,-65.57]
Total *** 386 368 ¢ 100% -257.09[-306.25,-207.92]
Heterogeneity: Tau?=0; Chi*=5.69, df=8(P=0.68); 1>=0%
Test for overall effect: Z=10.25(P<0.0001)

UDCA ‘»1000 »560 0 5(;0 100(; Control

Analysis 1.26. Comparison 1 UDCA versus placebo or no
intervention, Outcome 26 Serum gamma-glutamyltransferase (U/L).

Study or subgroup UDCA Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Hwang 1993 6 355 (144) 6 400 (288) —_—— 5.47% -45[-302.64,212.64]
Oka 1990 22 220 (238) 23 461 (430) — 8.91% -241[-442.92,-39.08]
Pares 2000 99 172 (269) 93 426 (299) E 3 55.87% -254[-334.63,-173.37]
Poupon 1991 62 146 (116) 54 563 (460) —— 22.86% -417[-543.04,-290.96]
Vuoristo 1995 30 190 (296) 31 428 (579) —+— 6.88% -238[-467.7,-8.3]
Total *** 219 207 L 100% -277.57[-337.84,-217.3]
Heterogeneity: Tau?=0; Chi*=8.4, df=4(P=0.08); 1>=52.38%
Test for overall effect: Z=9.03(P<0.0001)

UDCA -1000  -500 0 500 1000 Control

Analysis 1.27. Comparison 1 UDCA versus placebo or no
intervention, Outcome 27 Serum aspartate aminotransferase (1U/l).

Study or subgroup UDCA Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Heathcote 1994 106 60 (84) 106 105 (70) —_— 12.25% -45[-65.82,-24.18]
Hwang 1993 6 96 (48) 6 156 (97) 4 + 0.71% -60[-146.6,26.6]
Lindor 1994 60 67 (47) 50 100 (50) — 15.92% -33[-51.26,-14.74]
Oka 1990 22 62 (57) 23 77 (39) —_— 6.46% -15[-43.66,13.66]
Pares 2000 99 54 (39) 93 96 (77) — 17.47% -42[-59.43,-24.57]
Poupon 1991 62 40 (25) 54 73 (46) —— 28.06% -33[-46.76,-19.24]
Turner 1994 17 45 (25) 17 89 (36) —t 12.23% -44[-64.83,-23.17]
Vuoristo 1995 30 70 (60) 31 91 (50) —_— 6.89% -21[-48.76,6.76)
UDCA ‘-100 -5‘0 0 5‘0 10(; Control
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Study or subgroup UDCA Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Total *** 402 380 L 2 100% -35.59[-42.88,-28.3]

Heterogeneity: Tau?=0; Chi?*=5.49, df=7(P=0.6); I>=0%
Test for overall effect: Z=9.57(P<0.0001)

UDCA -100 -50 0 50 100 Ccontrol

Analysis 1.28. Comparison 1 UDCA versus placebo or no
intervention, Outcome 28 Serum alanine aminotransferase (1U/l).

Study or subgroup UDCA Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Heathcote 1994 106 58 (111) 106 103 (83) —_— 10.03% -45[-71.39,-18.61]
Hwang 1993 6 75 (51) 6 217 (313) 4 ; 0.11% -142[-395.75,111.75]
Leuschner 1989 10 24 (22) 8 50 (17) — 21.51% -26[-44.02,-7.98]
Oka 1990 22 56 (69) 23 68 (44) e e m— 6.05% -12[-45.98,21.98]
Papatheodoridis 2002 28 52 (35) 28 72 (42) — 17.04% -20[-40.25,0.25]
Pares 2000 99 56 (49) 93 98 (67) — 25.08% -42[-58.69,-25.31]
Poupon 1991 62 60 (41) 54 116 (73) — 14.46% -56[-77.98,-34.02]
Vuoristo 1995 30 63 (77) 31 92 (61) e e— 5.72% -29[-63.93,5.93]
Total *** 363 349 <& 100% -34.68[-43.04,-26.33]
Heterogeneity: Tau?=0; Chi*=10.35, df=7(P=0.17); 1>=32.37%
Test for overall effect: Z=8.13(P<0.0001)

UDCA better ~ -100 -50 0 50 100 Control better

Analysis 1.29. Comparison 1 UDCA versus placebo or no intervention, Outcome 29 Serum albumin (g/l).

Study or subgroup UDCA Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
Battezzati 1993 44 41.9 (6) 44 40.4 (5.3) 11.1% 1.5[-0.86,3.86]
Pares 2000 99 40.3 (5) 93 40.3 (5.8) —_— 26.4% 0[-1.53,1.53]
Poupon 1991 62 39.8 (4.7) 54 39.8(5.1) —_ 18.98% 0[-1.81,1.81]
Vuoristo 1995 30 35.7(0.6) 31 35.3(3.3) — 43.53% 0.4[-0.79,1.59]
Total *** 235 222 . 100% 0.34[-0.45,1.13]
Heterogeneity: Tau?=0; Chi*=1.26, df=3(P=0.74); 1>=0%
Test for overall effect: Z=0.85(P=0.4)

UDCA -4 -2 0 2 4 Control

Analysis 1.30. Comparison 1 UDCA versus placebo or no intervention, Outcome 30 Total cholesterol (mmol/l).

Study or subgroup UDCA Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI
Battezzati 1993 44 6.8 (2.4) 44 6.8 (1.9) —+— 8.27% 0.06[-0.84,0.96]
UDCA -10 S 0 5 10 Control
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Study or subgroup UDCA Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
De la Mora 1994 12 5.6 (2.2) 11 6.5(2.4) —tT 1.97% -0.9[-2.75,0.95]
Heathcote 1994 50 5.6 (1.6) 47 6.9 (2.8) — 8.2% -1.3[-2.21,-0.39]
Hwang 1993 6 7.3(2.3) 6 6.5(4.8) — T 0.37% 0.83[-3.43,5.09]
Lindor 1994 40 5.3(1.7) 38 6.6 (1.1) —+ 16.86% -1.3[-1.93,-0.67]
Oka 1990 22 5.6 (1.9) 23 6.1(2.3) — 4.53% -0.45[-1.67,0.77]
Pares 2000 929 6(1.4) 93 6.8 (1.7) L 33.52% -0.76[-1.21,-0.31]
Poupon 1991 62 6.2 (1.6) 54 7(1.5) - 22% -0.8[-1.35,-0.25]
Vuoristo 1995 30 6.1(2.7) 31 6(2.2) —t 4.27% 0.1[-1.16,1.36]
Total *** 365 347 ) 100% -0.78[-1.04,-0.52]
Heterogeneity: Tau?=0; Chi?=9.93, df=8(P=0.27); 1’=19.46%
Test for overall effect: Z=5.91(P<0.0001) ‘ ‘
UDCA -10 0 10 Control

Analysis 1.31. Comparison 1 UDCA versus placebo or no intervention, Outcome 31 Plasma immunoglobulin M (g/l).
Study or subgroup UDCA Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% CI
Battezzati 1993 44 5(3.6) 44 6.1(4.6) — 7.62% -1.03[-2.75,0.69]
Heathcote 1994 106 4.8(0.9) 106 5.9(3.5) k3 48.28% -1.1[-1.78,-0.42]
Leuschner 1989 10 3.6(2) 8 5.1(2.7) — 4.41% -1.5[-3.76,0.76]
Oka 1990 7 3.6(1.8) 10 7.2(9.4) * 0.64% -3.59[-9.54,2.36]
Pares 2000 99 4(2.9) 93 5.4 (4.2) —— 21.76% -1.33[-2.35,-0.31]
Poupon 1991 62 3.6(2.3) 54 5.5(5) — 10.71% -1.87[-3.32,-0.42]
Vuoristo 1995 30 4.6 (2.7) 31 6.8 (4.5) — 6.58% -2.2[-4.05,-0.35]
Total *** 358 346 ¢ 100% -1.33[-1.81,-0.86]
Heterogeneity: Tau?=0; Chi*=2.51, df=6(P=0.87); 1>=0%
Test for overall effect: Z=5.51(P<0.0001)
UDCA 10 0 10 Control

Analysis 1.32. Comparison 1 UDCA versus placebo or no intervention, Outcome 32 Prothrombin index.

Study or subgroup Control UDCA Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Pares 2000 99 94 (11.9) 93 93(13.5) —E 54.38% 1[-2.61,4.61]
Poupon 1991 62 97 (7.1) 54 93.7(13.2) —— 45.62% 3.3[-0.65,7.25]
Total *** 161 147 - 100% 2.05[-0.62,4.71]
Heterogeneity: Tau?=0; Chi*=0.71, df=1(P=0.4); I>=0%
Test for overall effect: Z=1.51(P=0.13)

UDCA -10 5 0 5 10 Control

Ursodeoxycholic acid for primary biliary cirrhosis (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

79



- Coch rane Trusted evidence.
= . Informed decisions.
- Li b ra ry Better health.

Cochrane Database of Systematic Reviews

Analysis 1.33. Comparison 1 UDCA versus placebo or no intervention,
Outcome 33 Liver biopsy findings - dichotomous variables.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
1.33.1 Worsening of histological stage
Combes 1995 9/77 15/74 — 14.01% 0.58[0.27,1.24]
Leuschner 1989 2/10 4/10 —_— 5.05% 0.5[0.12,2.14]
Lindor 1994 17/59 14/46 — 19.09% 0.95[0.52,1.71]
Papatheodoridis 2002 18/43 18/43 —— 22.83% 1[0.61,1.65]
Pares 2000 9/35 22/38 — 17.99% 0.44[0.24,0.83]
Poupon 1991 10/50 22/45 — 17.83% 0.41[0.22,0.77]
Turner 1994 1/7 8/14 B e 3.2% 0.25[0.04,1.62]
Subtotal (95% Cl) 281 270 . 2 100% 0.62[0.44,0.88]
Total events: 66 (UDCA), 103 (Control)
Heterogeneity: Tau?=0.07; Chi*=9.26, df=6(P=0.16); 1>=35.24%
Test for overall effect: Z=2.66(P=0.01)
1.33.2 Worsening of fibrosis
Heathcote 1994 24/71 26/68 - 100% 0.88[0.57,1.38]
Subtotal (95% Cl) 71 68 ‘ 100% 0.88[0.57,1.38]
Total events: 24 (UDCA), 26 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.54(P=0.59)
1.33.3 Florid duct lesion
Combes 1995 10/55 13/60 = B 100% 0.84{0.4,1.76]
Subtotal (95% Cl) 55 60 ‘ 100% 0.84[0.4,1.76]
Total events: 10 (UDCA), 13 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.47(P=0.64)

UDCA 6.01 011 1 1‘0 10(; Control

Analysis 1.34. Comparison 1 UDCA versus placebo or no intervention,
Outcome 34 Liver biopsy findings - continuous variables.

Study or subgroup UDCA Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
1.34.1 Histological stage
Pares 2000 39 1.6 (0.7) 45 2.2(1) —.— 100% -0.54[-0.91,-0.17]
Subtotal *** 39 45 e 100% -0.54[-0.91,-0.17]
Heterogeneity: Not applicable
Test for overall effect: Z=2.84(P=0)
1.34.2 Portal inflammation
Pares 2000 39 1.6 (0.9) 45 1.8(0.8) —.—— 100% -0.23[-0.61,0.15]
Subtotal *** 39 45 el 100% -0.23[-0.61,0.15]
Heterogeneity: Not applicable
Test for overall effect: Z=1.2(P=0.23)
1.34.3 Piecemeal necrosis
Pares 2000 39 1(0.9) 45 1.6 (1) —.— 100% -0.56[-0.98,-0.14]

ubca -1 0.5 0 05 1 Control
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Study or subgroup UDCA Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Subtotal *** 39 45 e 100% -0.56[-0.98,-0.14]
Heterogeneity: Not applicable
Test for overall effect: Z=2.64(P=0.01)
1.34.4 Lobular necrosis
Pares 2000 39 107 45 13() == 100% -0.3(-0.66,0.06]
Subtotal *** 39 45 i 100% -0.3[-0.66,0.06]
Heterogeneity: Not applicable
Test for overall effect: Z=1.62(P=0.11)
1.34.5 Ductular proliferation
Pares 2000 39 05(07) 450 07(038) - 100% -0.23[-0.46,-0]
Subtotal *** 39 450 g 100% -0.23[-0.46,-0]
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=1.97(P=0.05)
1.34.6 Cholestasis
Pares 2000 39 0.1(0.4) a5 0.2(0.5) B 100% -0.08(-0.28,0.12]
Subtotal *** 39 45 ‘ 100% -0.08[-0.28,0.12]
Heterogeneity: Not applicable
Test for overall effect: Z=0.8(P=0.42)
Test for subgroup differences: Chi*=7.44, df=1 (P=0.19), 1>=32.8% ‘ ‘ ‘ ‘

UDCA -1 0.5 0 0.5 1 Control

Analysis 1.35. Comparison 1 UDCA versus placebo or no intervention,
Outcome 35 Liver biopsy findings - continuous variables.

Study or subgroup UDCA Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl

1.35.1 Bile duct/portal tract

Pares 2000 39 0.5(0.3) 45 0.3(0.3) —.— 100% 0.23[0.1,0.36]

Subtotal *** 39 45 - 100% 0.23[0.1,0.36]

Heterogeneity: Not applicable

Test for overall effect: Z=3.6(P=0)

Control 05 -0.25 0 0.25 0.5  UDCA

Comparison 2. Influence of missing data - UDCA versus placebo or no intervention

Outcome or subgroup title No. of No. of Statistical method Effect size

studies partici-
pants

1 Mortality - completed patient's course 14 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only

plus case scenarios

1.1 Completed patient's course analysis 14 1247 Risk Ratio (M-H, Fixed, 95% Cl) 0.93[0.64, 1.34]

1.2 Extreme case scenario favouring UDCA 14 1391 Risk Ratio (M-H, Fixed, 95% CI) 0.35[0.26, 0.48]
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Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1.3 Extreme case scenario favouring con- 14 1391 Risk Ratio (M-H, Fixed, 95% CI) 2.16[1.57,2.97]
trol
2 Mortality or liver transplantation - com- 15 Risk Ratio (M-H, Random, 95% Cl) Subtotals only

pleted patient's course plus case scenarios

2.1 Completed patient's course analysis 15 1275 Risk Ratio (M-H, Random, 95% Cl) 0.94[0.68, 1.31]
2.2 Extreme case scenario favouring UDCA 15 1419 Risk Ratio (M-H, Random, 95% Cl) 0.49[0.30, 0.80]
2.3 Extreme case scenario favouring con- 15 1419 Risk Ratio (M-H, Random, 95% Cl) 1.60[1.21, 2.10]
trol

Analysis 2.1. Comparison 2 Influence of missing data - UDCA versus placebo or no
intervention, Outcome 1 Mortality - completed patient's course plus case scenarios.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.1.1 Completed patient's course analysis

Battezzati 1993 0/39 0/43 Not estimable
Combes 1995 4/75 3/71 — T 6.33% 1.26[0.29,5.44]
Eriksson 1997 0/52 1/49 e S B 3.17% 0.31[0.01,7.54]
Heathcote 1994 5/98 9/92 T 19.08% 0.52[0.18,1.5]
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 0/8 Not estimable
Lindor 1994 4/84 7/78 T 14.92% 0.53[0.16,1.74]
Oka 1990 0/22 0/23 Not estimable
Papatheodoridis 2002 17/43 14/43 - 28.77% 1.21[0.69,2.14]
Pares 2000 10/89 4/72 T 9.09% 2.02[0.66,6.18]
Poupon 1991 3/68 3/67 -t 6.21% 0.99[0.21,4.71]
Senior 1991 1/9 0/10 —_— T 0.98% 3.3[0.15,72.08]
Turner 1994 1/17 3/20 e 5.66% 0.39[0.04,3.43]
Vuoristo 1995 0/30 2/23 B 5.79% 0.15[0.01,3.08]
Subtotal (95% Cl) 642 605 ¢ 100% 0.93[0.64,1.34]

Total events: 45 (UDCA), 46 (Control)
Heterogeneity: Tau?=0; Chi?=7.99, df=9(P=0.54); 1>=0%
Test for overall effect: Z=0.4(P=0.69)

2.1.2 Extreme case scenario favouring UDCA

Battezzati 1993 0/44 1/44 e 1.1% 0.33[0.01,7.97]
Combes 1995 477 6/74 —t 4.48% 0.64[0.19,2.18]
Eriksson 1997 0/60 8/56 — ¢+ 6.44% 0.05[0,0.93]
Heathcote 1994 5/111 28/111 — 20.52% 0.18[0.07,0.45]
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 2/10 — T 1.83% 0.2[0.01,3.7]
Lindor 1994 4/89 20/91 — 14.49% 0.2[0.07,0.57]
Oka 1990 0/26 3/26 i 2.56% 0.14[0.01,2.63]
Papatheodoridis 2002 17/43 14/43 .+ 10.26% 1.21[0.69,2.14]
UDCA better  0.001 01 1 10 1000 UDCA worse
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Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Pares 2000 10/99 25/93 — 18.89% 0.38[0.19,0.74]
Poupon 1991 3/73 9/73 — 6.59% 0.33[0.09,1.18]
Senior 1991 1/9 0/10 —_— T 0.35% 3.3[0.15,72.08]
Turner 1994 1/22 7/24 —t— 4.91% 0.16[0.02,1.17]
Vuoristo 1995 0/30 10/31 . e— 7.57% 0.05[0,0.8]
Subtotal (95% Cl) 699 692 ¢ 100% 0.35[0.26,0.48]
Total events: 45 (UDCA), 133 (Control)
Heterogeneity: Tau?=0; Chi?=29.29, df=12(P=0); 1>=59.03%
Test for overall effect: Z=6.69(P<0.0001)
2.1.3 Extreme case scenario favouring control
Battezzati 1993 5/44 0/44 -t 1.04% 11[0.63,193.12]
Combes 1995 6/77 3/74 —— 6.38% 1.92[0.5,7.4]
Eriksson 1997 8/60 1/56 | S — 2.16% 7.47[0.96,57.81]
Heathcote 1994 18/111 9/111 —— 18.77% 2[0.94,4.26]
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 0/10 Not estimable
Lindor 1994 9/89 7/91 T 14.44% 1.31[0.51,3.38]
Oka 1990 4/26 0/26 S e e— 1.04% 9[0.51,159.15]
Papatheodoridis 2002 17/43 14/43 - 29.2% 1.21[0.69,2.14]
Pares 2000 20/99 4/93 — 8.6% 4.7(1.67,13.23]
Poupon 1991 8/73 3/73 T 6.26% 2.67[0.74,9.65]
Senior 1991 1/9 0/10 e 0.99% 3.3[0.15,72.08]
Turner 1994 6/22 3/24 -+ 5.98% 2.18[0.62,7.69]
Vuoristo 1995 0/30 2/31 S S—— 5.13% 0.21[0.01,4.13]
Subtotal (95% Cl) 699 692 ¢ 100% 2.16[1.57,2.97]
Total events: 102 (UDCA), 46 (Control)
Heterogeneity: Tau?=0; Chi*=13.38, df=11(P=0.27); I*=17.76%
Test for overall effect: Z=4.72(P<0.0001) ‘ ‘ ‘ ‘
UDCA better ~ 0.001 0.1 1 10 1000 yYDCA worse

Analysis 2.2. Comparison 2 Influence of missing data - UDCA versus placebo or no intervention,
Outcome 2 Mortality or liver transplantation - completed patient's course plus case scenarios.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

2.2.1 Completed patient's course analysis

Battezzati 1993 0/39 0/43 Not estimable
Combes 1995 12/75 11/71 - 13.5% 1.03[0.49,2.19]
Eriksson 1997 2/52 4/49 —tT 3.69% 0.47[0.09,2.46]
Goddard 1994 4/14 2/14 —Tt 4.26% 2[0.43,9.21]
Heathcote 1994 12/98 19/92 — 15.89% 0.59[0.31,1.15]
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 0/8 Not estimable
Lindor 1994 7/84 12/78 —+T 10.73% 0.54[0.22,1.31]
Oka 1990 0/22 0/23 Not estimable
Papatheodoridis 2002 23/43 17/43 ol 23.65% 1.35[0.85,2.15]
Pares 2000 17/89 11/72 T 15.07% 1.25[0.63,2.5]
Poupon 1991 4/68 4/67 —t 5.34% 0.99[0.26,3.78]

UDCA better ~ 0.001 0.1 1 10 1000 Control better

Ursodeoxycholic acid for primary biliary cirrhosis (Review)
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Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Senior 1991 2/9 0/10 L E— 1.26% 5.5[0.3,101.28]
Turner 1994 3/17 4/20 — 5.3% 0.88[0.23,3.4]
Vuoristo 1995 0/30 5/23 -t 1.32% 0.07[0,1.21]
Subtotal (95% Cl) 656 619 ¢ 100% 0.94[0.68,1.31]
Total events: 86 (UDCA), 89 (Control)
Heterogeneity: Tau?=0.07; Chi*=12.91, df=10(P=0.23); 1>=22.54%
Test for overall effect: Z=0.35(P=0.73)
2.2.2 Extreme case scenario favouring UDCA
Battezzati 1993 0/44 1/44 S e — 2.03% 0.33[0.01,7.97]
Combes 1995 12/77 14/74 —— 11.32% 0.82[0.41,1.66]
Eriksson 1997 2/60 11/56 — 6.33% 0.17[0.04,0.73]
Goddard 1994 4/14 2/14 I 6.02% 2[0.43,9.21]
Heathcote 1994 12/111 38/111 — 12.13% 0.32[0.17,0.57]
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 2/10 —_—tT 2.34% 0.2[0.01,3.7]
Lindor 1994 7/89 25/91 — 10.68% 0.29[0.13,0.63]
Oka 1990 0/26 3/26 e e 2.34% 0.14[0.01,2.63]
Papatheodoridis 2002 23/43 17/43 T+ 13.06% 1.35[0.85,2.15]
Pares 2000 17/99 32/93 — 12.69% 0.5[0.3,0.84]
Poupon 1991 4/73 10/73 — 8.34% 0.4[0.13,1.22]
Senior 1991 2/9 0/10 S L E— 2.35% 5.5[0.3,101.28]
Turner 1994 3/22 8/24 — 7.82% 0.41[0.12,1.35]
Vuoristo 1995 0/30 13/31 —_— 2.54% 0.04[0,0.62]
Subtotal (95% Cl) 713 706 <& 100% 0.49[0.3,0.8]
Total events: 86 (UDCA), 176 (Control)
Heterogeneity: Tau?=0.42; Chi*=36.94, df=13(P=0); 1°=64.81%
Test for overall effect: Z=2.86(P=0)
2.2.3 Extreme case scenario favouring control
Battezzati 1993 5/44 0/44 I L — 0.9% 11[0.63,193.12]
Combes 1995 14/77 11/74 - 11.5% 1.22[0.59,2.52]
Eriksson 1997 10/60 4/56 T 5.58% 2.33[0.78,7.02]
Goddard 1994 4/14 2/14 -t 3.04% 2[0.43,9.21]
Heathcote 1994 25/111 19/111 ™ 18.01% 1.32[0.77,2.25]
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 0/10 Not estimable
Lindor 1994 12/89 12/91 -t 10.94% 1.02[0.49,2.15]
Oka 1990 4/26 0/26 e — 0.89% 9[0.51,159.15]
Papatheodoridis 2002 23/43 17/43 T 21.8% 1.35[0.85,2.15]
Pares 2000 30/99 11/93 — 14.22% 2.56[1.36,4.81]
Poupon 1991 9/73 4/73 T 5.3% 2.25[0.73,6.98]
Senior 1991 2/9 0/10 L 0.87% 5.5[0.3,101.28]
Turner 1994 8/22 4/24 Tt 6.06% 2.18[0.76,6.24]
Vuoristo 1995 0/30 5/31 —_— 0.9% 0.09[0.01,1.63]
Subtotal (95% Cl) 713 706 ¢ 100% 1.6[1.21,2.1]
Total events: 146 (UDCA), 89 (Control)
Heterogeneity: Tau?=0.03; Chi?=13.93, df=12(P=0.3); 1*=13.89%
Test for overall effect: Z=3.35(P=0) ‘ ‘ ‘ ‘
UDCA better ~ 0.001 0.1 1 10 1000 Control better
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Comparison 3. UDCA-UDCA versus placebo/no intervention-UDCA

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 Mortality 14 1391 Risk Ratio (M-H, Fixed, 95% Cl) 0.97[0.73, 1.30]
2 Mortality or liver transplantation 15 1419 Risk Ratio (M-H, Fixed, 95% Cl) 0.88[0.73, 1.06]
3 Liver transplantation 14 1391 Risk Ratio (M-H, Fixed, 95% Cl) 0.78[0.58, 1.05]

Analysis 3.1. Comparison 3 UDCA-UDCA versus placebo/no intervention-UDCA, Outcome 1 Mortality.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Battezzati 1993 0/44 0/44 Not estimable
Combes 1995 /77 4/74 T+ 5.14% 1.68[0.51,5.51]
Eriksson 1997 0/60 1/56 e e E— 1.96% 0.31[0.01,7.49]
Heathcote 1994 20/111 17/111 - 21.44% 1.18[0.65,2.12]
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 0/10 Not estimable
Lindor 1994 14/89 23/91 — 28.68% 0.62[0.34,1.13]
Oka 1990 0/26 0/26 Not estimable
Papatheodoridis 2002 17/43 14/43 ™ 17.65% 1.21[0.69,2.14]
Pares 2000 10/99 4/93 T 5.2% 2.35[0.76,7.23]
Poupon 1991 6/73 10/73 —T 12.61% 0.6[0.23,1.57]
Senior 1991 1/9 0/10 —_—T 0.6% 3.3[0.15,72.08]
Turner 1994 1/22 3/24 —_—tT 3.62% 0.36[0.04,3.24]
Vuoristo 1995 0/30 2/31 B 3.1% 0.21[0.01,4.13]
Total (95% CI) 699 692 ¢ 100% 0.97[0.73,1.3]
Total events: 76 (UDCA), 78 (Control)
Heterogeneity: Tau?=0; Chi*=10.19, df=9(P=0.34); 1>=11.67%
Test for overall effect: Z=0.18(P=0.86)

UDCA better ~ 0.001 0.1 1 10 1000 Control better

Analysis 3.2. Comparison 3 UDCA-UDCA versus placebo/no
intervention-UDCA, Outcome 2 Mortality or liver transplantation.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Battezzati 1993 0/44 0/44 Not estimable
Combes 1995 21/77 20/74 -+ 12.28% 1.01[0.6,1.7]
Eriksson 1997 2/60 4/56 —tT 2.49% 0.47[0.09,2.45]
Goddard 1994 4/14 2/14 1.2% 2[0.43,9.21]
Heathcote 1994 35/111 39/111 -+ 23.48% 0.9[0.62,1.3]
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 0/10 Not estimable
Lindor 1994 28/89 42/91 B 25% 0.68[0.47,1]
UDCA better ~ 0.001 0.1 1 10 1000 Control better
Ursodeoxycholic acid for primary biliary cirrhosis (Review) 85
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Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Oka 1990 0/26 0/26 Not estimable
Papatheodoridis 2002 23/43 17/43 + 10.23% 1.35[0.85,2.15]
Pares 2000 17/99 11/93 T 6.83% 1.45[0.72,2.93]
Poupon 1991 10/73 21/73 — 12.64% 0.48[0.24,0.94]
Senior 1991 2/9 0/10 L — 0.29% 5.5[0.3,101.28]
Turner 1994 3/22 4/24 —— 2.3% 0.82[0.21,3.25]
Vuoristo 1995 0/30 5/31 —_— 3.26% 0.09[0.01,1.63]
Total (95% CI) 713 706 4 100% 0.88[0.73,1.06]
Total events: 145 (UDCA), 165 (Control)
Heterogeneity: Tau?=0; Chi*=16.01, df=10(P=0.1); 1>=37.54%
Test for overall effect: Z=1.39(P=0.17) ‘ ‘ ‘
UDCA better 0.1 1 10 1000 Control better

Analysis 3.3. Comparison 3 UDCA-UDCA versus placebo/no intervention-UDCA, Outcome 3 Liver transplantation.

Study or subgroup UDCA Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Battezzati 1993 0/44 0/44 Not estimable
Combes 1995 14/77 16/74 —— 18.91% 0.84[0.44,1.6]
Eriksson 1997 4/60 3/56 —T 3.6% 1.24[0.29,5.32]
Heathcote 1994 15/111 22/111 —— 25.49% 0.68[0.37,1.24]
Hwang 1993 0/6 0/6 Not estimable
Leuschner 1989 0/10 0/10 Not estimable
Lindor 1994 14/89 19/91 — 21.77% 0.75[0.4,1.41]
Oka 1990 0/26 0/26 Not estimable
Papatheodoridis 2002 6/43 3/43 T+ 3.48% 2[0.53,7.49]
Pares 2000 7/99 7/93 — 8.36% 0.94[0.34,2.58]
Poupon 1991 4/73 11/73 — 12.75% 0.36[0.12,1.09]
Senior 1991 1/9 0/10 — T 0.55% 3.3[0.15,72.08]
Turner 1994 2/22 1/24 I e e 1.11% 2.18[0.21,22.42]
Vuoristo 1995 0/30 3/31 B 3.99% 0.15[0.01,2.74]
Total (95% Cl) 699 692 ¢ 100% 0.78[0.58,1.05]
Total events: 67 (UDCA), 85 (Control)
Heterogeneity: Tau?=0; Chi*=7.43, df=9(P=0.59); 1>=0%
Test for overall effect: Z=1.62(P=0.11)
UDCA better 0.1 1 10 1000 Control better
ADDITIONAL TABLES
Table 1. Summary of characteristics of the included trials
Trial Risk of bias Ursodeoxycholic  Trial duration Severity of PBC#x
acid dose* (months)
Papatheodoridis 2002 High 135 92.4 0.6400

Ursodeoxycholic acid for primary biliary cirrhosis (Review)
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Table 1. Summary of characteristics of the included trials (continued)

Pares 2000 Low 15.0 40.8 0.2708
Combes 1995 High 11.0 24.0 0.6689
Leuschner 1989 High 10.0 9.0 0.1500
Eriksson 1997 High 7.7 24.0 0.3350
Vuoristo 1995 High 13.5 24.0 0.3333
Goddard 1994 High 10.0 15.0 0.3200
Lindor 1994 Low 14.0 48.0 0.6833
Battezzati 1993 Low 8.7 12.0 0.4950
Senior 1991 High 10.0 6.0 0.6666
Turner 1994 Low 10.0 24.0 0.8261
Hwang 1993 High 9.2 3.0 0.5833
Oka 1990 High 9.2 6.0 0.3795
Heathcote 1994 Low 14.0 24.0 0.5270
Poupon 1991 High 14.0 24.0 0.4658

* ursodeoxycholic acid dose in mg/kg/day.
# PBC= primary biliary cirrhosis.

u proportion of patients with stage Ill or IV at entry; or proportion of symptomatic patients at entry.

Table 2. UDCA* effects on mortality adjusted for trial-level covariates

Covariates Coefficient 95% Cl P-value
Risk of bias (low versus high) 0.225 -1.153t0 1.630 0.749
UDCA* dose (mg/kg/day) -0.284 -1.004 to 0.437 0.440
Trial duration (year) 0.014 -0.012 to 0.040 0.296
Severity of PBC# -4.938 -10.459 to 0.582 0.080

* UDCA= ursodeoxycholic acid.

# PBC= primary biliary cirrhosis.

Table 3. UDCA* effects on mortality or transplantation adjusted for trial-level covariates
Covariate Coefficient 95% CI P-value
Risk of bias (low vs. high) -0.487 -1.4841t00.510 0.338
UDCA* (mg/kg/day) 0.039 -0.244 t0 0.322 0.787

Ursodeoxycholic acid for primary biliary cirrhosis (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

87



= COCh rane Trusted evidence.
o § d decisions.
o Library  cecrnean

Cochrane Database of Systematic Reviews

Table 3. UDCA* effects on mortality or transplantation adjusted for trial-level covariates (continued)

Trial duration (year) 0.008

-0.011t0 0.027

0.408

Severity of PBC# -1.282

-3.637t0 1.073

0.286

* UDCA= ursodeoxycholic acid.
# PBC= primary biliary cirrhosis.

Table 4. Adverse events (Lotterer 1990)

Adverse event UDCA*
Death 1/12
Transient exacerbation of pruritus 1/12
Transient diarrhoea 2/12
Ascites 1/12
Acute upper Gl bleeding 2/12

* UDCA = ursodeoxycholic acid.

Table 5. Adverse events (Poupon 1996)

Adverse event

Colchicin-UDCA*

UDCA-placebo

Variceal bleeding 1/37 2/37
Death 2/37 0/37
Peripheral polyneuropathy 1/37 0/37

* UDCA = ursodeoxycholic acid.

Table 6. Adverse events (Angulo 1999 a)

Adverse event UDCA*
Hypertension 2/155
Creatinine elevation 2/155
Thrombocytopenia 3/155
Leukopenia 1/155
Nausea and vomiting 6/155
Diarrhoea 3/155
Fever 1/155

Ursodeoxycholic acid for primary biliary cirrhosis (Review)
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Table 6. Adverse events (Angulo 1999 a) (continued)

Rash 3/155
*UDCA = ursodeoxycholic acid.
Table 7. Adverse events (Van Hoogstraten 1998)
Adverse event UDCA*
Liver failure 1/61
Diarrhoea 1/61
*UDCA = ursodeoxycholic acid.
Table 8. Adverse events (Peridigoto 1992)
Adverse event UDCA*
Variceal bleeding 3/3
Ascites 2/3
* UDCA = ursodeoxycholic acid.
Table 9. Adverse events (Kneppelhout 1992)
Adverse event UDCA*
Nausea 2/17
Increased pruritus 4/17
Increase in pre-existent hyperbilirubinaemia 3/17
Ascites 1/17
Liver transplantation 1/17
Fever 1/17
Weakness 1/17

* UDCA = ursodeoxycholic acid.

Table 10. Adverse events (Shibata 1992)

Adverse event

Colchicin-UDCA*

Diarrhoea

1/12

Gallstones

1/12
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Table 10. Adverse events (Shibata 1992) (continued)

Bleeding varices 1/12
Death 1/12
Hepatocellular carcinoma 1/12

* UDCA = ursodeoxycholic acid.

APPENDICES

Appendix 1. Search strategies

Database Searching period

Search term

The Cochrane He-  January 2012.
pato-Biliary Group

Controlled Trials

Register

('primary biliary cirrhosis' OR PBC) AND (urso* OR ursodeoxycholic acid OR actigall OR
'deoxycholic acid' OR 'cholit ursan' OR cholofalk OR delursan OR destolit OR urdox OR ar-
sacol OR 'de ursil' OR deursil OR paptarom)

Cochrane Cen- Issue 1,2012.
tral Register of

Controlled Trials

(CENTRAL) in The

Cochrane Library

#1 MeSH descriptor Liver Cirrhosis, Biliaryexplode all trees
#2 primary biliary cirrhosis or PBC

#3 (#1 OR #2)

#4 MeSH descriptor Ursodeoxycholic Acidexplode all trees

#5 urso™ or ursodeoxycholic acid or actigall or deoxycholic acid or cholit ursan or cholo-
falk or delursan or destolit or urdox or arsacol or de ursil or deursil or paptarom

#6 (#4 OR #5)
#7 (#3 AND #6)

MEDLINE (Ovid January 1946 to 1. exp Liver Cirrhosis, Biliary/

SP) January 2012.
2. (primary biliary cirrhosis or PBC).mp. [mp=title, abstract, original title, name of sub-
stance word, subject heading word, protocol supplementary concept, rare disease sup-
plementary concept, unique identifier]
3.1or2
4. exp Ursodeoxycholic Acid/
5. (urso* or ursodeoxycholic acid or actigall or deoxycholic acid or cholit ursan or cholo-
falk or delursan or destolit or urdox or arsacol or de ursil or deursil or paptarom).mp.
[mp=title, abstract, original title, name of substance word, subject heading word, proto-
col supplementary concept, rare disease supplementary concept, unique identifier]
6.40r5
7.3and 6
8. (random* or blind* or placebo* or meta-analys*).mp. [mp=title, abstract, original title,
name of substance word, subject heading word, protocol supplementary concept, rare
disease supplementary concept, unique identifier]
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(Continued)
9.7and 8
EMBASE (OvidSP) 1974 to January 1. exp primary biliary cirrhosis/
2012.
2. (primary biliary cirrhosis or PBC).mp. [mp=title, abstract, subject headings, heading
word, drug trade name, original title, device manufacturer, drug manufacturer, device
trade name, keyword]
3.1or2
4. exp ursodeoxycholic acid/
5. (urso* or ursodeoxycholic acid or actigall or deoxycholic acid or cholit ursan or cholo-
falk or delursan or destolit or urdox or arsacol or de ursil or deursil or paptarom).mp.
[mp=title, abstract, subject headings, heading word, drug trade name, original title, de-
vice manufacturer, drug manufacturer, device trade name, keyword]
6.40r5
7.3and6
8. (random* or blind* or placebo* or meta-analys*).mp. [mp=title, abstract, subject head-
ings, heading word, drug trade name, original title, device manufacturer, drug manufac-
turer, device trade name, keyword]
9.7and 8
LILACS 1982 to January ursodeoxycholic OR UDCA [Words] and primary biliary cirrhosis OR PBC [Words]
2012.
Science Citation 1927 to January #5495 #4 AND #3
Index Expand- 2012.
ed (http://app- #4 996,355 TS=(random™* or blind* or placebo* or meta-analysis)
s-webofknowl- #3 1,647 #2 AND #1
edge.com) ’
#2 8,707 TS=(urso* or ursodeoxycholic acid or actigall or deoxycholic acid or cholit ursan
or cholofalk or delursan or destolit or urdox or arsacol or de ursil or deursil or paptarom)
#1 11,286 TS=(primary biliary cirrhosis or PBC)
WHAT'S NEW
Date Event Description
10 February 2012 New citation required but conclusions The searches were updated. No new trials were identified. How-

have not changed

ever, all relevant to the review additional information found in
recent publications was added.

6 February 2012

New search has been performed The review was thoroughly updated following the Guidelines in

the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011). Trial sequential analysis (TSA program 2011) as
well as Summary of Findings tables were performed. A detailed
list of what is new is under "Differences between previous pub-
lished version of the review and this review".

3 January 2012

New search has been performed The authors' team is renewed; all but one are new authors.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW
Peer reviewers requested that we included data from the trials after the period in which fair comparisons could be made.

Differences between previous published version of the review and this review

The whole review protocol part was thoroughly updated following the guidelines in the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011): text was added or rewritten for greater precision and understanding. Outcomes were rearranged so that they
now are patient oriented. An attempt to collect evidence on harm was also made. The statistical approach was also revised. Based on
updated domains for bias risk, we judged bias risk domains anew (Higgins 2011). In the present update, only one trial was assessed as
having low risk of bias. Minor inaccuracies found in data previously extracted were now corrected. Number of patients who died, were
liver transplanted, obtained hepatic encephalopathy or were diagnosed with bleeding varices are now added to the analyses on serious
adverse events. New trial data were added to some of the secondary outcome measures. Due to addition of data to the outcome measures
on ascites and histology, the result of the effect for ascites changed from significant into insignificant, and the result of the effect for
histology changed from insignificantinto significant. We performed subgroup analyses using data in the already included trials as well data
found in follow-up publications of the included trials. Results on all-cause mortality and mortality or liver transplantation as well as the
following secondary outcomes - pruritus, serum bilirubin and serum alkaline phosphatases - were analysed with trial sequential analysis.
The random-effects model meta-regression showed that none of examined covariates (bias risk of the trials, disease severity of patients at
entry, ursodeoxycholic acid dosage, and trial duration) were significantly associated with the estimated intervention effect on mortality
or mortality or liver transplantation. Summary of Findings tables and grading of the evidence were also performed. We abandoned our
Baysian analyses as they did not seem to add new information.

NOTES
This is an updated systematic review to the Gong et al (Gong 2008).
INDEX TERMS

Medical Subject Headings (MeSH)

Administration, Oral; Cause of Death; Cholagogues and Choleretics [*adverse effects] [therapeutic use]; Chronic Disease; Liver
Cirrhosis, Biliary [*drug therapy] [mortality]; Liver Transplantation; Randomized Controlled Trials as Topic; Ursodeoxycholic Acid
[adverse effects] [*therapeutic use]

MeSH check words

Humans
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